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Phthalocyanine  compounds  containing  phenol  moieties 
were  prepared  and  used  to  react  with  formaldehyde.  Due  to 
their  low  solubilities,  no  reaction  occurred.  Finally, 
copper  phthalocyaninetetrasulfonyl  chloride  was  prepared  and 
used  to  cross-link  the  phenolic  prepolymer.  It  was  found 
that  the  resulting  modified  phenolic  resin  was  superior  to 
the  unmodified  phenolic  resins  in  a grinding  test. 

Epoxy-  and  urethane-modified  phenolic  resins  were  also 
prepared,  but  they  were  found  to  be  inferior  to  the 
unmodified  phenolic  resins  in  physical  tests. 


RESINS 


Phenolic  resins  are  the  cross-linked  condensation 
products  resulting  from  the  reactions  of  phenols  with 
aldehydes.  Although  unsubstituted  phenol  and  formaldehyde 

resorcinol,  bisphenol  A,  cresols,  xylenols,  g-tert- 
butylphenol  and  p-phenylphenol , and  aldehydes  such  as 
acetaldehyde  and  furfural  are  also  used  to  modify  the 
physical  properties  of  phenolic  resins.  The  molecular 
structure,  which  determines  the  physical  properties  of  a 
phenolic  resin,  is  affected  by  the  structures  of  comonomers, 
the  phenol  to  aldehyde  ratio,  the  nature  and  amount  of 
catalyst,  the  reaction  time  and  the  reaction  temperature, 
the  method  of  dehydration,  the  heating  schedule,  etc. 
Therefore,  many  synthetic  options  are  possible,  which  in 
turn  allows  for  a large  number  of  possibilities  for 
different  physical  properties  and  hence  many  applications 
for  these  products. 


A.  von  Baeyer  I1872CB1095,  1872CB25)  made  the  first 
studies  of  the  phenol-aldehyde  reaction  in  1872  as  an 


was  obtained  but  its  properties  attracted  little  a 
at  that  tine.  Ter  neer  [ 1874CB12001 , A.  Claus  and  E. 
Trainer  [1886CB3009]  continued  the  experiments.  In  1886 
Claus  and  Trainer  obtained  a soluble  but  non-crystallisable 
resinous  material  from  a mixture  of  2 moles  of  phenol,  1 
mole  of  formaldehyde,  and  hydrochloric  acid.  In  1891 
Kleeberg  (1891LA2B3)  obtained  a cross-linked,  insoluble 
resin  by  using  an  excess  of  formaldehyde  and  hydrochloric 
acid  in  a vigorous  reaction.  At  that  time  there  was  still 
little  interest  in  the  products  obtained. 

( 1894JPR223]  and  Manasse  I1894CB2409I  prepared  o- 
hydroxybenzyl  alcohol  which  was  found  to  have  analgesic 
properties  from  an  alkaline  phenol-formaldehyde  reaction  at 
a low  temperature.  Five  years  later  the  first  patent 
covering  phenolic  resins  as  a substitute  for  hard  rubber  was 
granted  to  A.  Smith  ( 1899GEP112685 | . However,  the  first 
commercial  product  was  introduced  as  a shellac  s 
1902  by  Louis  Blumer  ( 02GEP172877 I . 


1907  by  Leo  H.  Baekeland 
application  of  the  polymer. 

[ 07USP942699 , 07GEP233803] 

molded  parts  possible  b 
temperature,  which  permits 


ho  made  possible  the  worldwide 
His  "heat  and  pressure”  patent 

using  pressure  and  high 
rapid  curing  cycle.  Between 
1907  and  1909,  Baekeland  conducted  small-scale  trials  with  a 
few  industrial  customers  and  patented  numerous  applications 
for  phenolic  resins.  He  made  the  first  public  disclosure  in 


a paper  presented  (09JEC149)  before  the  American  Chemical 
Society  in  1909.  in  this  and  a closely  following  paper 
I09JEC545],  he  described  the  alkaline-catalyzed  curable 
resin  and  the  acid-catalyzed  thermoplastic  product. 

In  1909  Lebach  suggested  calling  the  liquid  curable 
resin  " resol ” and  Baekeland  proposed  the  designation 
"novolak"  for  the  fusible  thermoplastic  resin.  Now  resole 
and  novolac,  respectively,  commonly  refer  to  these  two 
different  types  of  resins.  Another  major  contribution  was 
made  in  1910  by  J.w.  Aylsworth  I10USP1020593J  who  found  that 
novolacs  could  be  very  favorably  cured  by  the  addition  of 
hexamethylenetetramine.  In  the  same  year,  Baekeland  founded 
the  Bakelite  Gesellschaft  mbH  in  Germany,  the  General 
Bakelite  Company  in  USA,  and  other  companies  later  in 
England,  France,  Japan,  and  Canada.  In  1922,  the  Bakelite 
Corporation  was  established,  incorporating  the  competing 
Redmanol  Chemical  Products  Company  and  the  Condensite 
Company  which  was  co-founded  by  Aylsworth.  The  Bakelite 
corporation  was  taken  over  by  the  Union  Carbide  s Carbon 
Corporation  in  1939. 

Borden  Chemical,  Georgia  Pacific,  Monsanto,  Owens-Corning 
Fiberglas  and  Reichhold  Chemicals.  The  total  annual 
production  in  USA  alone  in  1953  IS6MI100031  was  48S  million 
pounds.  The  production  was  up  to  2483  million  pounds  in 
1983  I 86CEN( 16)12) , well  over  a fivefold  increase  in  30 


The  chemistry  of  phenolic  resins  has  been  extensively 
reviewed  by  R.w.  Martin  I56MI10000J,  A.  Knop  and  W.  Scheib 
[ 79MI10000] , W.A.  Keutgen  I82MI10001],  G.L.  Erode 
[ 82MI20 384  ] , and  by  others  in  a symposium  sponsored  by  the 
Weyerhaeuser  Company  (79MI20000). 

1-2  Resoles  and  Novolacs 


The  phenol-formaldehyde  reaction  can  be  catalyzed  by 
either  acid  or  base.  The  rate  of  the  reaction  at  pH  1 to  4 
is  proportional  to  the  hydrogen  ion  concentration.  Above  pH 
5,  the  rate  increases  with  the  hydroxide  ion  concentration, 
indicating  a change  in  reaction  mechanism.  Depending  on 
formaldehyde  to  phenol  ratio,  two  types  of  phenolic  resins, 
resoles  and  novolacs,  can  be  obtained. 


When  a catalyzed  mixture  of  phenol  and  formaldehyde 
with  a formaldehyde  to  phenol  ratio  greater  than  1 is 
heated,  a mixture  of  mono-  and  polynuclear 
hydroxymethyl phenols  which  contain  hydroxymethyl  side  or  end 
groups  is  obtained,  when  such  a mixture  is  catalyzed  with 
acid,  the  reaction  becomes  uncontrollable.  However,  when  a 
base  is  used,  the  reaction  is  manageable  and  the  prepolymer 
is  called  a resole.  Resoles  are  thermosetting  and  can  be 
cured  by  either  heat  or  acid  to  give  a three-dimensionally 
cross-linked,  insoluble,  and  infusible  polymer. 


condition,  formaldehyde 


under  aqueous  alkaline 
mainly  as  hydrate  and  phenol  is  deprotonated  quickly  by 
hydroxide  ion  to  give  the  phenoxide  ion  which  is  stabilized 
by  resonance.  C-Alkylation  of  the  phenoxide  ion  occurs  in 
both  the  ortho  and  para  positions  (Scheme  1.11. 


The  exact  nature  of  the  hydroxymethylating  agent  rh. 
alkaline-catalyzed  reaction  is  not  yet  fully  understood.  11 
is  not  clear  how  methanediol  would  react  with  the  phenoxide 
ion  (67MI10100).  The  concentration  of  non-hydrated 


formaldehyde  is  too  low  to  explain  the  reaction  rates.  At 
an  early  stage  of  the  reaction,  monof hydroxymethyl Iphenols, 
bi s ( hydroxymethyl ) phenols , and  tris(hydroxymethyl)phenol  are 
formed  (Scheme  1.2). 


The  mononuclear  hydroxymethylphenols  continue  to  react 
in  two  ways:  1)  formation  of  a dibenzyl  ether  linkage  (1A) 
which  subsguently  decomposes  into  a methylene  bridge  (IB) 
and  2)  independent  formation  of  a methylene  bridge  (Scheme 


The  reactions  of  diouclear  hydroxymethylphenols,  etc. 
continue  similarly  with  further  heating,  and  the  molecular 
weight  of  the  resin  increases  with  reaction  time.  However, 
the  reactions  may  be  quenched  by  cooling  when  the  desired 
molecular  weight  has  been  achieved.  In  the  next  stage,  the 

infusible,  insoluble,  cross-linked  polymer.  In  the  presence 
of  acid,  hydroxymethyl  groups  in  the  prepolymer  decompose  to 
benzylic  carbonium  ions  (1C)  which  quickly  undergo  c- 
alkylation  of  phenols  (Scheme  1.4). 


It  the  resin  is  cured  by  heat,  quinone  methides  (ID) 
are  considered  to  be  the  intermediates  (41C8S98, 
40AG( A60 ) 179  J which  come  from  the  elimination  of  water  from 
either  hydroxymethylphenols  or  dibensyl  ethers  (Scheme  1.5). 


SCHEME 
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groups  of  phenols  to  give  methylene  linkages  ( 


tio  less  t 
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re  containing  a formaldehyde  to  phenol 
han  1 is  heated,  a thermoplastic  resin, 
is  obtained.  Usually  an  acid  catalyst  is 
alkaline  condition  can  also  be  used  to 
rtho-substituted  novolac.  Since  phenol  is 

with  phenol  end  groups.  The  phenolic  nuclei  are  joined 
together  linearly  by  methylene  bridges.  A novolac  resin  has 


produce  a highly  o 


no  ability  to  continue  growing  in  molecular  weight  once 

formaldehyde  or  a cross-linking  agent  which  provides 
additional  formaldehyde  is  needed  for  curing  the  resin.  The 
most  widely  used  curing  agent  is  hexamethylenetetramine 
(HMTA) . Paraformaldehyde  and  trioxane  are  also  used  but  are 

The  first  step  of  the  reaction  is  the  formation  of 
hydroxymethylene  carbonium  ion  (1G)  from  methylene  glycol, 
which  comes  from  the  hydration  of  formaldehyde.  Then  phenol 
is  hydroxymethylated  by  this  ion  at  either  the  para  or  ortho 


SCHEME  1.7 

However,  the  hydroxymethyl  group  of  the  initial  product 
is  unstable  under  acidic  conditions  and  decomposes  into  the 
benzylic  carbonium  ion  (1C)  which  reacts  rapidly  with 
another  phenol  molecule  to  give  dihydroxydiphenylmethane 


(1H)  (Scheme  1.8).  Under  acidic  conditions,  both 
hydroxymethylation  and  methylene  bridge  formation  occur 
preferentially  at  the  para  position. 


The  first  substitution  on  the  phenolic  nucleus 
substantially  deactivates  the  ring  against  further 
substitution  by  formaldehyde,  it  is  this  difference  between 
the  acid  and  alkaline  reactions  that  leads  to  polyalcohol 
formation  at  high  pH  and  linear  chain  growth  at  low  pH.  The 
dihydroxydiphenylme thane  molecule  can  undergo  further 
substitution  but  is  not  as  reactive  as  phenol.  Thus,  in  the 

increases  rapidly  while  polyphenols  are  just  beginning  to  be 
formed.  The  amount  of  polyphenols  increases  from  the 
contribution  of  diphenols,  etc. 


potentially 


reactive  third  positions 
on  the  novolac  prepolymer  molecules  are  not  completely 
deactivated  and  this  leads  to  a small  amount  of  branching. 
It  is  now  generally  accepted  that  . acid  catalysis  tends  to 
favor  the  formation  of  £,g'-linkages,  although  o,£'-  or  even 
o,o'-linkages  may  also  be  formed. 

Novolac  prepolymers  must  be  cured  by  a cross-linking 
agent  such  as  HMTA.  Reaction  of  HMTA  with  the  trace  amount 


of  water  present  in  the  prepolymer  leads  to  the  formation  of 
aminomethylol  compounds  such  as  bis(hydroxymethyl)amine 
(II).  Carbonium  ions  are  generated  from  these  aminomethylol 

benzylamines  (1J)  and  tertiary  benaylamines  (Scheme  1.9). 


The  single  largest  phenolic  resin  market  involve', 
manufactured  wood  products,  which  include  plywood,  particle 
board,  fiberboard,  wafer  board. 


and  macroscopic 


composites  such  as  beams,  arches,  etc.  Plywood  alone  uses 
up  50%  of  the  resin  production  In  the  USA  [84CEN(45)10] . 

The  thermal  insulation  industries  grew  rapidly  during 
the  1970s  as  the  prices  of  oil  and  gas  increased  sharply. 
The  growth  from  1970  to  1979  was  over  220%.  About  15%  of 
the  phenolic  resin  production  is  used  as  an  insulation 
adhesive  to  bind,  for  example,  glass  fiber  and  rock-wool 

The  molding  compound  market,  which  has  been  one  of  the 
largest  traditional  markets,  has  been  in  a steady  decline 
and  is  expected  to  decline  even  further  as  other  competitive 
materials,  such  as  engineered  plastics,  get  a larger  share 
of  this  market.  However,  good  physical  properties  of 
strength  and  heat  resistance  plus  moderate  cost  keep 
phenolic  resins  in  longstanding  uses  in  the  transportation, 
appliance,  and  electrical  component  markets.  Today  molded 
items  use  up  10%  of  the  phenolic  resin  production. 

A wide  variety  of  applications  exist  for  phenolic- 
bonded  laminates  that  are  based  on  paper,  cotton,  or  glass 
substrates.  paper  and  paper-related  industries  utilise 
significant  amounts  of  phenolic  resins  for  making  battery 
separators,  filter  media,  high-pressure  plastic  laminates, 
and  other  similar  commodities.  Other  uses  include 
electronic  circuit  boards,  gears,  rods,  bearings,  tubes, 
furniture,  wall  panelling,  and  home  and  office  furnishings. 

Phenolic  resins  are  also  important  in  the  foundry 


industry, 


which  casting  molds  ace  made.  The  demand  depends  on  the 
automotive  and  industrial  machine  industries. 

About  2t  of  phenolic  resin  production  ends  up  in 
abrasives.  Phenolic-based  abrasives  are  of  two  types:  1) 
bonded  abrasives  including  grinding  wheels,  snagging  wheels, 
etc.,  and  2)  coated  abrasives  including  sandpapers,  disks. 

Phenolic  resins  also  have  many  other  uses  such  as 
making  protective  coatings,  friction  materials,  and 


1 . 4 Objectives 

This  research  was  sponsored  by  the  Industrial  Abrasive 

this  project  is  to  improve  the  grinding  performance  of 
coated  abrasive  systems  by  changing  the  physical  properties 
of  the  existing  phenolic  resins.  This  might  be  done  either 
by  changing  the  structure  of  the  polymer  by  the  use  of 
modifiers  or  by  the  copolymeritation  with  other  monomers  or 
prepolymers. 

Coated  abrasives,  in  the  forms  of  belts,  discs,  sheets 
and  drums,  are  made  by  bonding  a layer  of  abrasive  grains 
onto  a flexible  backing  by  means  of  an  adhesive.  The 
abrasive  grains  may  be  aluminum  oxide,  silicon  carbide, 
glass,  emery,  flint  or  garnet.  The  backings  may  be  paper, 
fabrics,  fibers,  or  plastic.  The  adhesive  is  usually  a 
phenolic  resin  because  of  its  good  impact  strength,  thermal 


resistance  and  moisture  resistance, 
material  is  coated  with  the  liquid  r 
called  the  make  coat.  Th 
deposited  evenly  on  the  ma 
process.  The  bonded  coating 
second  binder  coat,  the  size  c 


the  backing 
is  coating  is 
e abrasive  grains  are 
at  by  an  electrostatic 
ed  and  precured  before  a 
s applied.  Finally  both 

process  is  the  progressive  polymerization  of  the  prepolymers 
and  involves  the  cross-linking  of  mainly  linear  oligomers. 

To  test  the  coated  abrasive  system,  an  abrasive  belt  is 
made  according  to  the  process  described  above  and  mounted  on 
a testing  machine  with  2 wheels.  The  belt  is  rotated  at 
high  speed  while  some  carbon  steel  bars  are  pressed  against 
the  belt  with  pressure.  The  carbon  steel  bars  are  cut  by 
the  abrasive  belt  and  heated  red  hot.  The  temperature  may 
go  up  to  1000  - 2000°C  in  the  surface  layer.  The  weight 
loss  of  the  steel  bars  is  measured  at  different  time 
intervals  until  the  belt  wears  out.  The  total  weight  loss 
of  the  steel  bars  is  a measure  of  the  grinding  performance 
of  the  abrasive  system. 


To  perform  well  in  the  grinding  test,  the  phenolic 
resin  binder  in  this  type  of  coated  abrasive  systems  must 
have  high  thermal  resistance  so  that  it  can  stand  the  high 
surface  temperature.  The  phenolic  resin  should  have  good 
adhesive  property  to  hold  the  abrasive  grains  to  the 
backing.  The  phenolic  resin  must  also  possess  good 
mechanical  properties  such  as  hardness  and  toughness  to 
endure  the  mechanical  impact  from  the  carbon  steel  bars. 


Therefore, 


abrasive  systems  may  be  increased 
resistance,  hardness,  toughness  and 
phenolic  resin  binder. 


by  improving  the  thermal 
adhesive  property  of  the 


These  physical  properties  of  the  phenolic  resins  may  be 
improved  by  changing  their  structures  with  chemical 
modifications.  The  different  approaches  to  achieve  these 
objectives  are  briefly  outlined  in  section  1.6  and  described 
in  detail  in  the  following  chapters. 


1 . 5 Previous  Modification  Methods 


Phenolic  resin  have  been  modified  by  a large  number  of 
methods  which  are  discussed  below. 

1.5.1  Modifications  with  Phenols 


Unsubstituted  phenol  is  I 
However,  other  phenols  are  also  used  to 
properties  of  the  resins.  m-Cresol 
toughness  and  thermoplasticity  of  the 
Long  chain  alkylphenols  give  resi 
flexibility  and  good  compatibility 
[79NI10000].  Modified  phenolic  resir 
show  excellent  tack  properties  anc 
[ 79 JAP{ K ) 791 31692 ] . Resorcinol  re 

formaldehyde  to  give  fast  curing  resir 


commonly  used  phenol. 

esins  (S2MI10001]. 

with  natural  oil 
from  t-butylphenol 
good  transparency 
ts  quickly  with 


low  temperature  I79MI10000).  Bisphenol 


give  resins 


17 

with  improved  color  stability  [82MI20384).  Phenolic  resins 
from  g-maleimidophenol  have  high  heat-resistance 
l 80JAP( K ) 80129408 1 . 

1.5.2  Modifications  with  Aldehydes 

Modified  phenolic  resins  from  furfural  show  enhanced 
flexibility  and  low  viscosity  [79MI10000],  and  are  useful 
for  making  grinding  and  friction  materials.  Acetaldehyde 
and  butyraldehyde  have  low  reaction  rates  with  phenol,  but 
they  produce  resins  with  less  rigidity  at  high  temperature 
and  are  good  rubber  modifiers  and  antioxidants  [79MI10000]. 
Paraformaldehyde  gives  resins  with  good  thermal  stablity  and 
fast-curing  rates  (80GEP2911206I . Carbohydrates  such  as 
dextrose  produce  resins  with  good  water  resistance  and 
tensile  strength  (80MIP1090026) . 

1.5.3  Etherifications 


The  hydroxymethyl  groups  in  phenolic  prepolymers  can 
easily  be  etherified  with  alcohols  because  of  their  tendency 
to  form  hydroxybenzyl  carbonium  ions.  The  phenolic  hydroxy 

as  allyl  halides,  alkyl  sulfates,  epichlorohydrin,  and 
epoxides  in  the  presence  of  sodium  hydroxide  (Scheme  1.101. 


E-X  - allyl  halides,  alkyl  sulfate,  epichlorohydrin,  etc., 


resistance  and  thermooxidative  stablity  f 51USP257330 ) . 

1.5.4  Esterifications 


The  esterification  of  phenol  rings  in  a novolac  with 
inorganic  polybasic  acids,  such  as  phosphoric  and  boric 
acid,  or  by  reaction  with  phosphorous  oxyhalides  can 

(79MI10095J.  Intermolecular  cross-linking  takes  place 
predominantly  with  random  novolacs,  whereas  with  high  ortho- 
novolacs  intramolecular  estherification  seems  to  be  the 
preferred  reaction  (Figure  1.1). 


The  hydroxy  groups  of  a phenolic  prepolymer  can  react 
with  halosilanes,  hydroxysilanes,  and  alkoxysilanes  to  give 
resins  with  better  thermal  resistance  [41USP22582181  (Scheme 


Hetal-modified  Resins 


Heat  and  flame  resistant  resins  (79HI10097)  are 
obtained  by  the  reactions  of  phenols  or  phenolic  resins  with 
metal  halides  le.g.  MoClj,  TiCl^,  ZrOClj,  wcl.),  metal 
alcoholates  le.g.  Al(OHe)j,  Ti(ONe)4],  or  organometallic 
compounds  such  as  metal  acetylacetonates . 


1.6  Discussion 

There  are  quite  a lot  of  high  temperature  adhesives 
containing  heterocyclic  rings  I80MI10141),  e.g. 
poly benzimidazoles.  it  is  expected  that  some  heterocycles 
can  impart  higher  thermal  resistance  into  the  copolymers. 
Therefore  the  hydroxymethyl  derivatives  of  some 
heterocyeles,  e.g.  pyrrole  and  furan,  will  be  obtained  and 
used  to  copolymerize  with  the  phenolic  prepolymers. 

Since  phthalocyanine  compounds  and  polymers 
[ 82JPSC2073 ) are  well-known  for  their  thermal  stablities, 
some  phthalocyanine  compounds  will  be  prepared  and  used  to 
cross-link  or  copolymerize  with  phenolic  resins. 

It  has  been  reported  in  the  literature  that  epoxy- 
modified  phenolic  resins  have  improved  toughness 
[82JAP8270119]  and  adhesive  properties.  Hence,  some 
modifications  of  phenolic  resin  will  also  be  attempted 
either  by  capping  the  phenolic  hydroxy  group  with  glyeidyl 
group  which  then  reacts  with  a linear  polyoxypropyleneamine, 
or  by  reacting  the  phenoxide  groups  in  the  prepolymer  with 


polyethylene  glycols  capped  with  glycidyl  group  at  both 

Phenolic  resins  can  also  be  modified  with  polyurethane 
prepolymers  to  improve  the  toughness.  Hence  some  phenolic 

physical  properties  will  be  de 


will  be  prepaced 


CHAPTER  2 

HYDROXYMETHYLHETEROCYCLES 


1 Introduction 


As  mentioned  in  Chapter  l,  one  way  to  modify  phenolic 
resins  is  to  incorporate  heterocycles  or  hydroxyraethyl- 
heterocycles  into  the  structures  of  the  phenolic  resins.  To 
gain  information  on  the  structures  of  the  modified  resins, 
we  planned  to  study  them  by  33C  NMR  spectroscopy.  The  13C 
lines  of  the  hydroxymethyl  derivatives  of  heterocycles  had, 
therefore,  to  be  assigned  to  assist  in  the  assignments  of 

number  of  hydroxymethyl  derivatives  of  heterocycles  were 
prepared  or  obtained  commercially.  The  heterocycles 
involved  were  pyrrole,  furan,  5,5-dimethylhydantoin, 
thiophene,  pyrazole,  and  imidazole. 

pyrrole  reacts  with  formaldehyde  to  give  hydroxymethyl 
derivatives  under  basic  conditions  (16JRP7481.  Pyrazole 
[ 52CB820 ) , imidazole  I75JOC18371,  and  5,5-dimethylhydantoin 
I80HIP72413,  78NEP7611447 1 also  react  with  formaldehyde  to 
yield  hydroxymethyl  derivatives  with  or  without  an  alkaline 


catalyst. 

However,  hydroxymethyl  derivatives  of  furan  and 
thiophene  have  not  been  prepared  by  direct  reactions  with 


formaldehyde.  under  acidic  conditions,  furan  gives 
infusible,  insoluble,  opaque  resins,  and  thiophene  produces 
methylene-linked  resins.  Under  basic  conditions,  neither  of 
these  compounds  reacts  with  formaldehyde.  Their 
hydroxymethyl  derivatives  must  be  prepared  indirectly  by 

Several  papers  in  the  literature  report  the  13C 
chemical  shifts  of  a variety  of  hydroxymethylphenols 
[ 79MX20263 , 77AMC7,  81BI10014,  79BB767 I . The  ultimate  goal 
of  the  studies  was  to  use  the  l3C  chemical  shifts  of  the 
model  compounds  to  assign  those  of  actual  phenolic  resins 
and  then  to  determine  their  structures.  To  the  best  of  our 
knowledge,  no  comprehensive  13c  study  of  the  hydroxymethyl 
derivatives  of  heterocyclic  compounds  has  been  reported 
previously  in  the  literature,  although  the  characterization 
of  furfural  alcohol  oligomers  by  13C  is  well-studied 
I 82MC2799 ) . 


2.2  Preparations  of  Hvdroxvmethvlheterocycles 

Twenty  hydroxymethyl  derivatives  of  pyrrole,  furan, 
5, 5-dimethylhydantoin,  phenol,  imidazole,  thiophene,  and 
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o 
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FIGURE  2,1 
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( 2R) 
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F),  (2G),  (2J),  ( 2K ) , and  (2Q)  were 
obtained  commercially  from  Aldrich.  Compounds  (2a),  (2b), 
(2H),  (21),  ( 2L) , ( 2M) , (2N),  (20),  (2P),  (2S),  and  (2T) 
were  prepared  according  to  literature  methods.  The  other 
compounds,  (2C),  (2D),  (20,  and  (2R),  were  prepared 
according  to  the  procedures  described  in  the  experimental 

1-Hydroxymethylpyrrole  (2A)  was  prepared  by  heating  a 

under  alkaline  conditions  at  45°C  (S7M110052)  (Scheme  2.1). 
The  hydroxymethyl  group  of  (2A)  showed  IR  absorptions  at 
1275  and  3150-3600  cm"  , proton  absorptions  at  6 5.04(d)  and 
6.20(t)  ppm,  and  absorptions  at  6 72.01  ppm.  The 


symmetrical  pyrrole  ring  gave 


120.70  ppm.  The  boiling  point  was  found  to  be  45-S0°C/l . 5mm 
(lit.  bp  4 5 . 5-51°C/l . 5mm ) (34JA1385J. 


(2A) 

SCHEME  2.1 


Compound  (2B)  was  prepared  according  to  the  literature 
procedure  (54JA4485)  by  the  reaction  of  2-pyrrole- 
ca rboxaldehyde  with  NaBH„  in  83»  yield  (Scheme  2.21.  The 
product  showed  IR  absorptions  at  1235  and  3100-3500  cm'1, 
but  none  in  the  carbonyl  region.  There  were  five  13c  lines 
which  were  assigned  to  the  hydroxymethyl  carbon  (56.66  ppm) 
and  the  four  different  pyrrole  ring  carbons  (106.12,  107.39, 
117.40,  and  132.49  ppm).  The  boiling  point  was  found  to  be 
75-79  C/1. 5mm  (lit.  b.p.  81-83°C/2mm)  (54JA4485], 


obtained 


l-Hydroxymethyl-2-pyrrolecarboxaldehyde 
heating  a mixture  of  2-pyrrolecarboxaldehyde  and  37% 
formaldehyde  for  3 hours  (Scheme  2.3).  The  :h  and  13C  NMR 
spectra  were  consistent  with  the  structure  of  the  compound. 
The  hydroxymethyl  group  gave  rise  to  two  3H  peaks  at  S 
5 . 43( 2H, d ) and  6.23(lH,t)  ppm,  and  a 13c  lino  at  6 72.43 


Compound  (20,  previously  unknown,  was  prepared  by 

stirring  l-hydroxymethyl-2-pyrrolecarboxaldehyde  with  sodium 

borohydride  in  water  at  room  temperature  for  4 hours.  The 
reaction  of  (2B)  with  formaldehyde  at  3°C  for  2 days  in  the 
presence  of  NaOH  gave  (2D)  rather  than  (20.  The 
purification  of  (20  was  found  to  be  difficult  since  it 
decomposed  into  (2B)  while  passing  through  a silica  gel 
column  or  upon  distillation.  The  13c  spectrum  of  the  crude 
(20  agreed  with  its  assigned  structure.  Two  lines  at  6 
54.67  and  69.08  ppm  were  assigned  to  the  two  hydroxymethyl 
carbons.  The  four  different  pyrrole  ring  carbons  gave  peaks 


Compound  (2D)  was  prepared  in  quantitative  yield  by  the 
reaction  of  pyrrole  with  formaldehyde  in  the  presence  of  a 
catalytic  amount  of  NaOH  at  room  temperature  for  3 days. 
Pure  (2D)  (NMR)  was  obtained  by  washing  the  crude  product 
with  chloroform  (Scheme  2.4).  This  procedure  gave  a cleaner 
product  than  that  obtained  by  the  literature  methods 
(57HX10052,  49USP2494414 ) , which  required  higher 
temperatures.  The  1H,  13c,  and  IR  spectra  of  this  known 
compound  were  consistent  with  its  structure.  The  melting 
point  was  found  to  be  115-116°C  (lit.  m.p.  112-115°C) 

( 64MI10456) . 


(2D) 


Compound  (2E),  also  previously  unknown,  was  obtained  by 
stirring  (2D)  with  a slight  excess  of  37%  HCHO  and  NaOH  at 
room  temperature  for  3 days  (Scheme  2.5).  The  crude  product 
was  purified  by  liquid  chromatography  with  silica 
gel/acetone.  The  melting  point  was  found  to  be  99-100°C. 
The  33C  line  at  65.96  ppm  and  3H  absorptions  at  5.33(2H,d) 
and  5.B9(lH,t)  indicated  that  a N-CK^OH  group  was  present  in 


structure . 


The  5,5-dimethylhydantoin  reacted  with  37%  formaldehyde 
without  a catalyst  at  0°C  for  10  hours  to  give 
1 -hydroxymethyl-5 , 5-dimethylhydantoin  ( 2H>  (80MIP72413) 
(Scheme  2.6).  The  and  spectra  were  consistent  with 
the  structure  of  (2H). 


(2H) 

SCHEME  2.6 


temperature,  a mixture  of  (2H)  and  1 , 3-bis(hydroxymethyl )- 
5,5-dimethylhydantoin  (21)  was  obtained  in  about  1:1  ratio 
[ 78NEP7611447 | . However,  (21)  was  the  only  product  isolated 
when  potassium  carbonate  was  used  as  the  catalyst  (Scheme 


Neither  (2H)  not  (21)  was  considered  to  be  a potential 
modifier  for  phenolic  resins  since  both  compounds  decomposed 
to  5,5-dimethylhydantoin  and  formaldehyde  below  temperatures 


5-Tri s ( hydroxymethyl ) phenol 


[ 52JA6257  J 


prepared  by  the  reaction  of  sodium  phenoxide  with  excess 
formaldehyde  at  room  temperature,  followed  by  neutralization 
with  acetic  acid  in  acetone  (Scheme  2.9).  The  spectrum 
showed  that  a mixture  of  (2L)  and  2,2',6,6'- 
tetra(hydroxymethyl)-4,4’-methylenediphenol  was  obtained. 
Compound  (2L)  showed  peaks  at  60.16,  63.63,  125.47,  128.06, 


SCHEME  2.9 


Heating  a mixture  of  imidazole  and  37%  aqueous  HCHO  in 
a sealed  tube  at  130°C  for  24  hours  gave  a mixture  of  1- 
hydroxy-methyl imidazole  (2M)  (28%),  2-hydroxymethyl  imidazole 
(2N)  (10%),  2,4,5-tris(hydroxymethyl)imidazole  (2P)  (3%)  and 
other  compounds  (75JOC1837)  (Scheme  2.10).  Compounds  (2M). 
(2N),  and  ( 2 P ) were  isolated  on  an  alumina  column.  Compound 
(2M)  showed  a characteristic  N-CH-OH  peak  at  69.57  ppm 
whereas  (2N)  showed  a C-CHjOH  peak  at  56.85  ppm.  Compound 
(2P)  had  two  different  C-CHjOH  groups  whose  *^C  lines  were 


ppm. 


r\ 

n^n- 


),  130c 


°C  ^ 

H^N-CB2°H 

( 2M) 


C 2 P ) 


SCHEME  2.10 


4(5)-Hydroxymethylimidazole  (20)  was  prepared  by 
treating  fructose  with  a mixture  of  formaldehyde,  ammonia, 
and  basic  cupric  carbonate  [55OSC460]  (Scheme  2.11).  The 
hydrochloride  salt  of  (20)  exhibits  “c  peaks  at  S3. 09, 

peaks  at  133.92,  133.44,  115.82,  and  53.20  ppm.  The  melting 


(83JHC1417). 


3-Hydroxymethyl thiophene  (2R)  was 
reduction  of  3-thiophenecarboxaldehyde  wit 
hydride  (Scheme  2.12).  The  IR  spectrum 


prepared  by  the 
lithium  aluminum 
howed  no'  carbonyl 


peak,  but  the  characteristic  broad  hydroxy  peak  was  seen  at 
3000-3500  cm  . The  l3C  spectrum  showed  the  hydroxymethyl 


yield  w 
7 3°C/6mm 


e boiling 
5°C/lSmm) 


2,5-8is(hydroxymethyl)thiophene  (2S)  was  obtained  by 
bubbling  hydrochloride  gas  into  a solution  of  thiophene  and 
formaldehyde,  then  stirring  2, 5-bis( chloromethyl ) thiophene 
with  potassium  acetate,  and  lastly  treating  2,5- 


bi s( ace toxymethyl) thiophene  with  sodium  ethoxide  in  ethanol 
at  room  temperature  (48JA3416)  (Scheme  2.13).  The  l3C 
spectrum  with  peaks  at  145.41,  124.06,  and  58.80  ppm  was 
consistent  with  the  assigned  structure.  The  boiling  point 
was  found  to  be  174-178°C/0.6mm  (lit.  b.p.  162-166°C/0.25mm) 
[48JA3416J. 


1-Hydroxymethylpyrazole  (2T)  was  prepared  by  stirring  a 
mixture  of  pyraaole  and  37t  aqueous  HCHO  at  room  temperature 
for  16  hours  (52C88201  (Scheme  2.14).  The  hydroxymethyl  O-H 
band  appeared  at  3000-3500  cm-1  in  the  IR  spectrum  and  the 
carbon  at  73.59  ppm  in  the  33c  spectrum.  The  melting  point 


( 69BSF2064 ] . 


35 


2.3  Carbon-13  NMR  Study  of  Hvdroxvmethviheterocvcles 

The  NMR  spectra  were  recorded  with  a Varian  XL-200 
NMR  spectrometer.  Deuterated  DMSO  was  used  as  the  solvent 
for  all  samples  because  it  dissolves  both  the  polar  hydroxy 

be  discussed  in  later  chapters.  The  use  of  a single  solvent 
was  desirable  since  we  could  compare  the  chemical  shifts 

The  chemical  shifts  of  the  hydroxymethyl  derivatives  of 
the  heterocycles  are  listed  in  Table  2.1. 

The  chemical  shifts  of  compounds  (2G)  (82MC27991,  (2Jli 
(2K),  and  (2L)  (79MI20263,  81MI10014)  reported  in  the 

literature  are  in  good  agreement  with  ours  although  small 
differences  arise  from  solvent  effects.  The  assignments  for 
compounds  (2A),  (2D)  and  (2E)  are  straightforward  since  the 
structures  are  symmetrical:  carbons  C3  and  C4  appear  at 
of  the  unsubstituted 
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pyrrole  (107.54  ppm).  Carbons  C2  and  C5  of  (2A)  give  a 
signal  at  120.70  ppm  and  compounds  (2D)  and  (2E)  show  peaks 
at  132.2-133.3  ppm  for  the  same  carbons.  The  hydroxymethyl 


groups  of  (2A),  (2D)  ai 
when  attached  to  C2  or 
to  the  nitrogen.  Basel 
<2A),  (2D),  (2E),  and 
shifts  assignments  i 
unambiguous. 

In  compounds  (2H) 

the  two  hydroxymethyl  groups 


( 2E ) give  signals  a 


54.8-56.6  ppm 
:5  and  at  65.9-72.0  ppm  when  attached 
on  the  chemical  shifts  of  compounds 
unsubstituted  pyrrole,  the  chemical 
compounds  (2B)  and  (20  are 


should  be  at  lower  field  than  C9 
subject  to  the  electronic  effect  o 
groups  whereas  C9  is  next  to  only  o 


wo  adjacent  carbonyl 
Steric  compression 


e conclusion, 
the  assignments 


arguments  lead  to  the  sa 

easy.  Carbon  C4  should  be  lower  field  than  C5  since  the 
former  is  adjacent  to  a pyridine-like  nitrogen  whereas  the 
latter  is  next  to  a pyrrole-like  nitrogen.  Compounds  (2N) 

assign  the  lines,  with  the  help  of  the  A 
C2  and  C4  lines  of  (20)  are  distinguished. 

The  symmetrical  structure  of  (2S)  makes  t 
of  the  lines  unambiguous.  The  assignments  o 
(2R)  and  (2T)  are  made  by  comparing  them  wi 
methyl thiophene  [84MI10733I 


o problem  to 
r technique,  the 


e assignments 


l-methylpyra-c 


(65MI10103),  respectively. 


2.3.1.  Chemical  Shifts  of  Hydroxymethyl  Carbons:  Effect  of 

The  ^C  chemical  shift  of  CH~OH  is  49.3  ppm.  Table  2.1 
contains  the  shifts  of  8 CHjOH  carbons  attached  to 
heterocyclic  nitrogens:  they  lie  in  the  range  of  61.3  - 73.6 
ppm.  Within  this  range,  the  shift  depends  on  the  type  of 
the  nitrogen:  lowest  for  amide-N  (compounds  2H  and  21); 
intermediate  for  pyrrole  in  which  additional  C-CH,OH  may 
decrease  the  shift  (compounds  2A,  2C,  and  2E);  and  highest 
for  imidazole  and  pyrazole  (compounds  2M  and  2T). 

Table  2.1  also  contains  the  shifts  of  17  unique  C-Ct^OH 
groups:  they  lie  in  the  range  of  54.5  - 63.6  ppm.  Within 

imidazole  fall  at  the  low  end,  those  attached  to  thiophene 
are  intermediate,  and  those  to  phenol  (especially  at  the  g- 
position)  are  at  the  high  end.  There  is  no  simple 
relationship  between  these  shifts  and  the  o-constants  for 
the  heterocyclic  rings  to  which  they  are  attached. 


2.3.2  Effect  of  Hydroxymethyl  Group  Substitution  on  Ring 

Substituent  effects  of  the  hydroxymethyl  group(s)  on 
pyrrole,  furan,  thiophene,  imidazole,  and  pyrazole  ring 
carbon  chemical  shifts  are  determined  and  listed  in  Table 
2.2.  For  example,  the  substituent  effects  on  pyrrole  of 
hydroxymethyl  group  at  the  N1  and  C2  positions  are 
calculated  by  comparing  the  chemical  shifts  of  compounds 


The  Effects  of  Hydroxymethyl  Group  Substitutions  on 
Ring  Carbon  Shifts. 


C2 C3 


Imidazole 

Imidazole 

Imidazole 

Imidazole 

Thiophene 

Thiophene 

Pyrazole 


Note:  The  chemical  shifts  of  pyrrole  in  dfi-DMSO  are  at  117.62 

at^l21^98^  Pd”l35U46n  142j76  f,nd°1(l9  • 59  PP«!  imidazole 
ppm:  pyrazole  at  132.69  and  104.03  ppm. 


{ 2A ) and  (2B),  respectively,  with  the  chemical  shifts  of 
unsubstituted  pyrrole. 

Ring  carbon  atoms  attached  directly  to  a CHjOH  group 
are  subjected  to  a down-field  shift  of  10.3  to  20.9  ppm  (17 
examples).  Within  this  range,  thiophene  is  affected  most; 
pyrrole  is  intermediate;  furan  and  imidazole  are  least 
affected. 

The  other  ring  carbon  atoms  are  much  less  affected: 
shifts  of  -3.1  to  +6.6  ppm  are  found.  The  carbons  adjacent 
to  the  point  of  attachment  show  the  greatest  shifts,  and  the 
shifts  decrease  as  the  distances  between  the  carbons  <B~. 

trend  indicates  that  the  effect  is  mostly  inductive. 


The  13C  assignments  of  the  hydroxymethyl  derivatives  of 
the  heterocycles  provide  useful  information  for  the  33C  NMR 
study  of  the  reaction  of  pyrrole  and  paraformaldehyde,  which 
will  be  discussed  in  the  next  chapter.  It  is  also  helpful 
in  the  study  of  the  copolymeriaations  of  phenol, 
formaldehyde  and  the  hydroxymethyl  derivatives,  which  will 
be  discussed  in  chapter  4. 

The  hydroxymethyl  group  has  similar  substitution 
effects  on  the  heterocyclic  ring  to  those  of  the  methyl 
group.  This  can  be  seen  from  the  similarities  in  ring 
chemical  shifts  between  1-methylimidaaole  (138.3,  129.6  and 


120.3  ppm)  [85MX10103) , 1-methylpyrazole  (138.7,  105.1  ant) 

129.3  ppm)  ( 85MI10103 ] and  3-methylthiophene  (121.3,  138.2, 
130.1  and  126.1  ppm)  (84HI10733)  and  1- 
hydroxymethyl imidazole  (137.2,  128.6,  119.3  ppm),  1- 
hydroxymethylpy tazole  (139.3,  106.0,  129.6  ppm)  and  3- 
hydroxymethyl thiophene  (121.2,  144.1,  127.3  and  126.2  ppm) 
correspondingly. 


2.5  Experimental 


Carbon-13  NHR  spectra  were  obtained  on  a Varian  XL-200 

solvent  at  ambient  temperature.  Sample  concentrations  were 
about  156.  Pulse  widths  were  3.6  (/see  and  there  was  no 
pulse  delay.  dg-DMSO  was  used  for  lock  and  its  carbon  peak 

Reagent-grade  model  compounds  (2F),  (2G),  (2J),  (2K) 
and  (2Q)  were  purchased  and  used  without  further 
purification.  The  following  were  prepared  by  the  literature 
methods  indicated:  1-hydroxymethylpyrrole,  b.p.  45- 
50°C/1 . 5mm  (lit  b.p.  45. 5-51°C/l .5mm)  (34JA1385);  2- 
hydroxymethylpyrrole,  b.p.  75-79  C/1. 5mm  (lit  b.p.  81- 
83°C/2mm)  (54JA4485);  l-hydroxymethyl-5, 5-dimethylhydantoin, 
m.p.  97-101°C  (lit  m.p.  110-117°C)  [ 57HI20029 1 ,•  1,3- 


bis( hydroxymethyl) -5, 5-dimethylhydantoin, 


2,4,6-tris( hydroxymethyl } phenol . m.p.  73-75°C  (lit  m.p.  74- 
75°C)  ( 52 JA6257 ) ; 1-hydroxymethylimidazole  (picrate),  m.p. 
202°C  (lit  m.p.  202-203°CI  175JOC1837])  2- 
hydtoxymethylimidazole  (HC1),  m.p.  112°C  (lit  m.p.  111- 
113°C)  [49JA383J;  4-hydtoxymethyl imidazole  , m.p.  90-91°C 
(lit  m.p.  89-90°C)  1 83JHC1417  J ; 2,4,5- 
tris(hydroxymethyl)imidazole  m.p.  158°C  (lit  m.p.  158-159°C) 
[75JOC1837];  2,5-Bis(hydroxymethyl)thiophene,  b.p.  174- 
178°C/0 . 6mm  (lit  b.p.  162-166/0. 25mm)  (48JA34161;  1- 
hydroxymethylpyrazole,  m.p.  88°C  (lit  m.p.  89-90  C) 
[69BSF2064). 


2.5.2  Preparation  of  1 , 2-Bis( hydroxymethyl ) pyr role  (20 


A mixture  o£  2-pyrrolecarboxaldehyde  (2.0  g,  0.021 
mole)  and  37»  aqueous  HCH0  solution  (1.7  g,  0.021  mole)  was 


pressure.  The  crude  l-hydroxymethyl-2-pyrrolecarboxaldehyde 
was  not  purified  because  it  was  unstable  and  decomposed  into 
2-pyrrolecarboxaldehyde  at  room  temperature.  The  compound 
decomposed  upon  distillation.  The  NMR  spectrum  of  the 


2-pyrrolecarboxaldehyde  was  converted  into  1-hydroxymethy! - 
2-pyrrolecarboxaldehyde.  *H  NMR  (CDC1,):  5 9.44(lH.s), 
7.08(3H,ra),  6 . 2 3 ( lH,t) , 5.43(2H,d);  13C  NIIR  (CDClj)  S 72.43, 
110.00,  126.67,  131.51,  131.78,  180.29.  l-Hydroxymethyl-2- 
pyrrolecarboxaldehyde  (0.35  g,  2.8  mmole)  was  dissolved  in  6 


solution 


NaBH,  (0.4  g)  in  2 ml  of  water  was  added  over  a period  of  10 
minutes.  After  1 hr.  the  solution  was  saturated  with  K-CO, 
and  extracted  with  ether  (3x25  ml).  The  ethereal  extracts 
were  combined  and  the  solvent  was  removed  under  reduced 
pressure.  The  crude  product  decomposed  into  2- 
hydroxymethylpyrrole  while  passing  through  a siOj  column  or 
upon  distillation.  The  13C  spectrum  showed  that  the  product 
mixture  contained  both  compound  (2C)  and  2- 
hydroxymethylpyrrole.  NMR  for  (20  (dg-DMSO):  6 54.07, 
69.08,  106.42,  108.37,  121.53,  132.29. 

2.5.3  Preparation  of  2, 5-Bls(hvdroxymethvl Ipyrrole  (2D) 

A mixture  of  pyrrole  (6.7  g,  0.1  mole), 
paraformaldehyde  (6  g)  and  IN  NaOH  solution  (0.1  ml)  was 
stirred  at  room  temperature  for  3 hr  in  a 25  ml  round- 
bottomed  flask.  The  white  solid  was  poured  into  50  ml  of 
CHClj  and  the  suspension  was  stirred  and  then  filtered.  The 
white  solid  was  washed  with  CHCl^  and  then  dried  inside  a 

10.62(lH,br);  UC  NMR  (dg-DMSO):  6 56.56,  105.64,  132.16;  IR 
(lit.  m.p.  112-115°C)  [64MI10456I. 


2.5.4  Preparation  of  1,2.5-Tris(hydroxvmethvl)pvtrole  (2E) 

A mixture  of  2,5-bis(hydroxymethyl)pyrrole  (0.51  g,  4 
mmole)  and  37%  aqueous  HCHO  solution  (5  mmole)  was  stirred 
at  room  temperature  for  3 days.  Water  was  removed  under 
reduced  pressure.  The  crude  product  was  purified  by  column 
chromatograpy  with  SiO-Zacetone.  The  yield  was  0.41  g 
(65.4%).  13C  NMR  (dg-DMSO) i 8 55.05,  65.96,  106.86,  133.32) 
3H  NMR  ( dg-DMSO ) : 6 4.46(4H,d),  4.85<2H,t>,  5.33(2H,d), 
5 . 84 { 2H , s ) ; IR  (nujol)  3000-3500,  1571,  1366,  1298,  1249, 
1193,  1115,  1030,  1002,  992,  963,  790,  764,  700  cm*1)  m.p. 
99-100°C. 


2.5.5  Preparation  of  3-hydroxvmethvlthiophene  (2R) 


To  a THF  (20  ml)  suspension  of  LiAlH^  (0.38  g,  0.01 
mole)  in  a 100  ml  2-necked  round-bottomed  flask  fitted  with 
a magnetic  stirrer,  a gas  inlet,  and  a septum,  a THF 
solution  of  3-thiophenecarboxaldehyde  (1.12  g,  0.01  mole) 
was  added  dropwise  under  an  argon  atmosphere  at  0 C. 


ng  was  continued  at 
s bubbled  through 


am  temperature  for  3 
(50  g)  carefully  a 
solution  until  it  w 


The  solution  was  extracted  with  ether  (3x 
ethereal  extracts  were  combined  and  dried  ov 
solvent  was  removed  under  reduced  pressure  a 
was  distilled.  The  yield  was  0.92  g (80.7%)j 
(lit.  b.p.  96°C/15mm)  (83S73);  13C  NMR  (dg-DH 


the  residue 


REACTION 


CHAPTER  3 

QUANTITATIVE  CARBON-13  NHR  STUDY  OF  THE 
OF  PYRROLE  WITH  FORMALDEHYDE 


1 Introduction 


There  are  few  references  to  the  reaction  between 
pyrrole  and  formaldehyde  in  the  literature.  In  1916, 
Chelintsev  and  Maksorov  (16JRP7481  prepared  2,5- 
bishydroxymethyl  derivatives  of  pyrrole  and  N-methylpyrrole . 
Later  Taggart  and  Richter  showed  that  1-hydroxymethylpyrrole 
can  also  be  obtained  by  the  condensation  of  formaldehyde 
with  pyrrylmagnesium  bromide  or  with  pyrrole  and  calcium 
hydroxide  as  catalyst  I34JA13851.  In  the  presence  of 
potassium  carbonate,  pyrrole  reacts  with  formaldehyde  at  40- 
50°C  to  give  1-hydroxymethylpyrrole  which  disproportionates 
to  pyrrole  and  2, 5-bis<hydroxymethyl Ipyrrole  upon  heating 
| 57MI10052,  49USP2492414 ] . In  the  presence  of  amines, 
pyrrole  and  formaldehyde  yield  pyrrole-2-methylamines 
( 70 JHC223  J . This  reaction  has  been  used  to  prepare 
polyamine  polymers  [73JPSC723]. 


Until  now,  there  has  been  no  thorough  study  of  the 
reaction.  Therefore,  we  have  carried  a detailed  study  of 
the  reaction  between  pyrrole  and  paraformaldehyde  in  the 
presence  of  sodium  hydroxide  using  *^C  NMR  spectroscopy 


to  monitor  the  reaction.  The  reaction  could  produce  up  to 
four  different  hydroxymethylpyrroles  (Figure  3.1),  which 
were  1-hydroxymethylpyrrole  (3A),  1, 2-bis(hydroxymethyl )- 
pyrrole  (30,  1,2, 5-tris(hydroxymethyl  Ipyrrole  (3D),  and 
2,5-bis(hydroxymethyl Ipyrrole  (3E),  with  their  hemiformals. 
2-Hydroxymethylpyrrole  (3B)  was  not  found  in  the  reaction. 


(3D)  ( 3E) 

FIGURE  3.1 


The  reaction  was  studied 
decoupling  technique.  Samples  were 
time  intervals,  quenched  at  low 
reactions  and  their  spectra  were 
A little  28t  ammonia  solution 
each  NMR  sample  to  decompose 


with  the  inverse-gated 
taken  out  at  different 


(0.05  ml)  was  added  to 


hydroxymethylpyrroles  which  otherwise  were  found  at  the 
beginning  of  the  reactions  in  quite  significant  quantity  and 


which  made  the  assignments  and  calculations  difficult.  The 
chemical  shifts  of  the  reaction  products  were  affected 
slightly  by  the  addition  of  ammonia  solution,  ror  example, 
the  sample  after  20  minutes  at  4S°C  contained  a mixture  of 
1-hydroxymethylpyrrole  (3A),  the  hemiformal  of  (3A)  and 
unreacted  pyrrole.  1-Hydroxymethylpyrrole  gave  i3C  lines  at 
6 71.86,  108.71  and  120.79  ppm,  and  pyrrole  showed  33C  lines 
at  6 117.97  and  107.83  ppm.  After  ammonia  solution  was 
added,  the  chemical  shifts  of  (3A)  and  pyrrole  changed  to  6 


respectively.  The  small  shift  may  be  attributed  to  a change 


in  solvent  polarity  because  of  the  small  amount  of  water  and 
ammonia  in  the  ammonia  solution. 


The  addition  of  ammonia 
lines  of  the  hemiformal  of 


solution  suppressed  the  33C 


carbons),  109.19  (3,4-ring  carbons),  85.51  (O-CHg-OH),  and 
73.67  (N-CH--OH)  ppm  completely.  A comparison  of  the 
integrals  of  the  lines  at  5 122.01,  120.79  and  118.31  ppm 
before  ammonia  addition  and  the  integrals  of  the  lines  at  5 
121.09  and  118.31  ppm  after  ammonia  addition  showed  that  the 
hemiformal  was  decomposed  completely  into  (3A)  and 
formaldehyde.  The  ratio  of  the  total  of  (3A)  together  with 
its  hemiformal  to  pyrrole  was  found  to  be  57  : 43  which  was 
exactly  the  same  as  the  ratio  of  (3A)  to  pyrrole  after  the 
addition.  The  phenol  analogue,  3-hydroxymethylphenol , also 
formed  a hemiformal  with  formaldehyde  (77AMC71,  with  the  O- 


(which  should 
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To  find  a suitable  pulse  delay  time 

decoupling  NMR  experiments,  relaxation  time  measurements 
were  carried  out  for  the  five  hydroxymethylpyrroles  and 
pyrrole.  The  T^  values  for  the  carbons  of  the  compounds 
were  determined  and  are  listed  in  Table  3.1. 


tAe  rive  Hydroxymethylpyrroles. 


general  trends  of  the  effects 

down  the  table,  it  is  found  that  t 
the  table.  Second,  the  T.  of  the 


structure  on  the  spin 
he  smaller  the  molecule, 
f the  molecules  increase 
Tj  values  decrease  down 
rbons  which  are  directly 


bonded  by  hydrogens  a: 
carbons  have  longer 
quaternary  carbons  in  the  table 
seconds  and  the  CH  carbons 


relatively  short  whereas 


quaternary 


symmetrical  molecules 


unsymmetrical  analogues. 


longer  T.  times  than  tho 
tore  symmetrical  than  t 


53(30  ppm 
compounds  b 


le  longest  T 
> seconds  wa 
? samples  di 


example,  the  carbons  of  (3E)  have 
of  (30  since  the  former  is  t 
latter,  although  they  are  similar 

At  the  very  beginning  of  t 
mixture  contained  pyrrole,  (3A), 

117.62(pyrrole) , 120.70(3A),  and  I 
calculate  the  mole  fractions  of  1 
peaks  were  better  separated  than  those  bel 
Since  the  pyrrole  peak  at  117.62  ppm  t 
value  (6.53  seconds),  a pulse  delay  time 
used  for  the  samples  containing  pyrrole. 

the  hydroxymethyl  groups  between  54-73  ppm  were  used  for 

therefore  a pulse  delay  of  6 seconds  was  used  for  samples 
without  pyrrole.  When  the  samples  contained  all  compounds, 
both  sets  of  peaks  were  used  for  calculations  and  the  pulse 

At  0°C,  the  13C  spectrum  of  the  reaction  mixture  after 
10  days  contained  mainly  1-hydroxymethylpyrrole  (3A) 
together  with  free  formaldehyde,  pyrrole  and  a small  amount 

Standing  for  one  month  at  0°C  gave  a mixture  of  1- 
hydroxymethylpyrrole  (3A),  1 , 2-bis( hydroxymethyl )pyt role 

(30,  1 ,2, 5-tris(hydroxymethyl  Jpyrrole  (3D),  and  2,5- 

bis(hydroxymethyl)pyrrole  (3E),  in  the  mole  fraction  ratio 
of  0.26  : 0.30  : 0.15  s 0.29.  The  13C  peaks  of  the  CHjOH 


groups  at  72.00(3A),  69.76(30,  66.72(3D),  57.14I3E), 
55 .83 ( 3D)  and  55.60(30  ppm  were  integrated  and  the 
integrals  were  used  to  calculate  the  mole  fractions  of  each 
component. 

Conducting  the  reaction  at  25°C  led  to  faster  reaction, 
but  similar  product  mixture  development  as  at  0°C.  At  6 hr, 
a mixture  of  1-hydroxymethylpyrrole  (3A)  and  1,2- 
bis(hydroxymethyl)pyrrole  (30  was  obtained.  After  10 
hours,  the  13C  spectrum  of  the  reaction  mixture  showed  that 
the  proportion  of  1 ,2-bis( hydroxymethyl Jpyrrole  (30  started 
to  increase.  At  24  hr,  1,2, 5-tris(hydroxymethyl )pyrrole 
(3D)  and  2,5-bis(hydroxymethyl Jpyrrole  (3E)  appeared.  The 
amount  of  these  four  different  hydroxymethylpyrroles  varied 
with  time.  After  9 days,  2, 5-bis(hydroxymethyl Jpyrrole  was 
the  major  product. 

The  same  reaction  was  also  carried  out  at  45°C  and 
65  C.  The  spectra  of  the  samples  from  these  two  reactions 
were  recorded.  The  mole  fractions  of  each  components, 
calculated  as  described  previously,  are  listed  in  Tables  3.2 
and  3.3.  Results  obtained  were  similar  to  those  of  the 
reaction  at  25°C  except  the  time  scales  were  even  shorter  as 
the  temperature  rose.  Using  the  data  in  Tables  3.2  and  3.3, 
plots  of  the  mole  fractions  of  the  four  hydroxymethyl- 
pyrroles against  time  at  65°C  and  45°C  are  shown  in  Figures 

Pyrrole  was  completely  consumed  in  less  than  1 hour  at 
45  C.  At  65  C,  all  pyrrole  disappeared  after  30  minutes, 
but  after  90  minutes  trace  amounts  of  pyrrole  were  formed 


3A  3C 


375 


185 


Hydroxymethylpyrrole 


again.  This  may  be  the  result  of  reversible  formation  of  1- 
hydroxymethylpyrrole,  the  decomposition  of  which  has  been 
reported  in  the  literature  (57HI10052). 

Compound  ( 3A > was  the  major  product  at  the  start  of  the 
reactions.  The  mole  fractions  of  (3A)  were  found  to  be 
0.897  and  0.840  after  20  minutes  at  65°C  and  60  minutes  at 
45  C respectively.  The  mole  fraction  of  intermediates  (3C) 
and  (3D)  were  always  less  than  0.4  and  0.3  respectively. 
Compound  (3E)  was  the  major  product  ultimately  under  all  the 
reaction  conditions. 


3.3  Discussion 

The  results  in  the  previous  section  indicate  that  the 
reaction  proceeds  by  the  path  shown  in  Scheme  3.1.  The 
first  step  (I)  is  reversible  since  (3A)  decomposes  into 
pyrrole  and  formaldehyde  upon  heating  (57MI10052).  The 
equilibrium  favors  (3A)  at  low  temperature  (<  60°C)  because 
pyrrole  is  not  found  even  in  the  presence  of  (3A)  after  the 
reaction  has  proceeded  for  a short  time.  1- 
Hydroxymethylpyr role  reacts  with  one  equivalent  of 
paraformaldehyde  at  45°C  with  a catalytic  amount  of  NaOH  to 
give  only  l,2-bis( hydroxymethyl Ipyrrole  after  15  minutes. 
After  8 hours,  a mixture  of  (3A),  (3C),  (3D)  and  (3E)  is 
obtained.  The  half-life  of  (3A)  in  this  reaction  is  about 


first  intermediate 


outlined 


(30  is  formed  from  (3A). 

Steps  (XI)  and  (Xllb)  appear  to  be  essentially 
irreversible  and  this  is  to  be  expected  because  the  carbon- 
carbon  bonds  formed  are  strong.  However,  step  (XV)  is  again 
an  equilibrium,  but  one  which  favors  the  dissociation  of 
(3D)  into  (3E)  and  formaldehyde  because  (3E>  is  found  to  be 
the  predominant  product  at  the  final  stages  of  the 
reactions.  Moreover,  (3D)  is  50%  decomposed  into  (3E)  and 
formaldehyde  in  about  55  hours  when  (3D)  is  heated  at  65°C 
without  a solvent.  The  apparent  difference  in  the  positions 
of  the  equilibria  in  reactions  I and  II  may  reflect  steric 
crowding  in  (3D). 

The  reaction  of  paraformaldehyde  and  2-hydroxymethyl- 
pyrrole  (3B)  in  the  presence  of  NaOH  at  3°C  for  48  hr  yields 
( 3E) . At  45°C,  the  reaction  of  (3B)  with  one  equivalent  of 
paraformaldehyde  gives  a mixture  of  unreacted  (3B),  the 
hemiformal  of  (3B),  and  small  amount  of  (30  after  5 
minutes.  The  hemiformal  of  (3B)  (which  can  be  decomposed  by 
ammonia)  gives  13C  lines  at  3 128.79,  118.99,  108.95,  07.60 
(0-CH2-0H)  and  61.63  (C-CHj-O)  ppm.  After  20  minutes  40%  of 
(3B)  is  converted  into  (30  and  (3D).  No  (3E)  is  found  even 

with  paraformaldehyde  to  give  (3E)  is  not  an  important 
pathway.  The  mole  fractions  of  (3B),  (30,  and  (3D)  at 
different  times  in  this  reaction  are  tabulated  in  Table  3.4. 

Hemiformal  formations  are  found  in  all  stages  and  are 
significant  at  the  beginning  of  the  reactions  since  a large 


The  hemi formal  formations  are  important  paths  at  the 
start  of  the  reaction.  As  the  reaction  proceeds,  fewer  and 
fewer  hemiformais  are  formed  since  the  the  amount  of  free 
formaldehyde  in  the  reaction  decreases  and  the 
hydroxymethylpyrroles  compete  for  formaldehyde  also. 


3.5.1  Spin  lattice  Relaxation  Time  Measurements 

The  spin  lattice  relaxation  time,  T^ , was  measured  with 
a Varian  XL-200  NMR  spectrometer  operating  at  50Mhz  with  d,- 
DHSO  as  the  solvent  at  ambient  temperature.  The  standard 
software,  D0T1  program,  was  used.  The  D0T1  program 
consisted  of  a two-pulse  sequence  for  inversion  recovery 
method.  The  90°  pulse  width  was  15  ps.  The  equilibrium 
time,  Dl,  was  40  seconds.  A D2  array  was  automatically 
selected  by  the  computer  and  its  size  depended  on  the  length 
of  the  experiment.  An  interleaving  process,  called  tau 
cycling,  was  used  to  execute  the  experiments.  The  acquired 


1 Inverse-Gated  Decoupling  N 


t Measurements 


Carbon-13  NMR  spectra  were 
spectrometer  operating  at  25  Mhz 
at  5°C.  Sample  concentrations 
of  solvent.  A 90°  pulse  was 


s the  solvent 


3 pulse  delay  w 


either  6 or  35  seconds  depending  on  whether  pyrrole  existed 

ammonia  solution  (0.05  ml)  was  added  to  each  sample  to 
suppress  hemiformal  formations. 


3-5.3  Reaction  of  Pyrrole  and  Paraformaldehyde 

A mixture  of  pyrrole  (0.1  mole,  6.7  g), 
paraformaldehyde  (6  g)  and  IN  NaOH  (0.05  ml)  solution  in  a 
2-neck  round-bottomed  flask  fitted  with  a thermometer  and  a 
magnetic  stirrer  was  heated  or  cooled  at  the  desired 
temperature.  Samples  were  taken  out  at  different  time 
intervals  and  stored  in  a freezer  before  the  NMR 
measurements  were  recorded. 


HETEROCYCLE-MODIFIED  PHENOLIC  RESINS 


L Introduction 


studied  the 
'2,  its  applications, 
investigated  thoroughly 


Since  A.  von  Baeyer  I1872CB109S) 

phenol-aldehyde  reaction  in  1872, 

syntheses  and  mechanism  hi 
[79MX10000,  79MI20000] . It  is  generally  agreed  that  under 
basic  conditions  the  initial  step  is  the  formation  of  the 
five  possible  mononuclear  hydroxymethylphenols  with  CH.OH 

groups  in  the  o-  and/or  E_Pos‘tions-  The  next  step  is 
prepolymer  formation  which  involves  condensation  reactions 
either  (i)  between  a hydroxymethyl  group  of  a 

hydroxymethyl phenol  and  a hydroxymethyl  group  of  another 
hydroxymethyl phenol  to  give  a dibenzyl  ether  linkage,  or 
(ii)  between  a hydroxymethyl  group  of  a hydroxymethylphenol 
and  the  o-  or  £-CH  group  of  phenol  (or  of  a 

hydroxymethylphenol)  to  give  a methylene  bridged  binuclear 
derivative. 

Many  electrophilic  heterocycles  such  as  pyrrole 
[ 57MI10052  ] , 5 , 5-dime thylhydantoin  ( 80MIP724 1 3 , 

78NEP7611447) , furan  (47JA13551,  imidazole  (75JOC1837I,  and 
pyrazole  (69BSF2064)  react  with  formaldehyde  to  yield 
hydroxymethyl  derivatives.  Some,  such  as  pyrrole  and  furan 
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l 77USP4017461 J , even  undergo  further  condensation  reactions 
in  acidic  condition  to  give  resins  with  a mechanism  similar 
to  that  of  phenolic  resin  formation.  Therefore  the 
hydroxymethyl  groups  of  these  heterocyclic  modifiers  may 
condense  with  phenolic  nuclei  or  with  hydroxymethyl  groups 
of  hydroxymethylphenols  in  the  phenolic  prepolymer  mixture. 
If  these  hydroxymethyl  derivatives  of  heterocycles  are 
incorporated  into  the  phenolic  resin  structure,  the  physical 
properties  of  the  resins  may  be  changed. 


In  this  chapter,  attempts  to  put  furan  and  pyrrole 
rings  into  a phenolic  resin  structure  are  effected  by 
reacting  phenol  or  hydroxymethylphenols  with  furfural, 
furan,  hydroxymethylfurans,  furfural  alcohol  resin,  pyrrole, 
or  hydroxymethylpyrroles. 

As  a substitute  for  formaldehyde,  furfural  can  improve 
the  thermal  resistance,  water  resistance,  and  adhesive 
property  of  the  phenolic  resins.  It  may  be  possible  to  put 
furan  ring  into  phenolic  resin  structure  by  the  following 

a.  condensations  of  the  hydroxymethyl  group  of  furfuryl 
alcohol  with  phenol  nuclei. 

b.  condensations  of  the  hydroxymethyl  groups  of  the 
hydroxymethylphenols  with  furan. 


c.  condensations  of  the  hydroxymethyl  group(s)  of  furfucyl 
alcohol  or  2,5-bis(hydroxymethyl)furan  with  the 
hydroxymethyl  groups  of  the  hydroxymethylphenols. 

Putting  furan  rings  into  the  phenolic  resin  structure 
may  improve  the  chemical  and  the  thermal  resistance  of  the 
phenolic  resins. 

Pyrrole  polymers,  e.g.  poly(phenylenepyrrole) , have 
high  thermal  resistance  I72JPS975].  Therefore  the  thermal 
resistance  of  the  phenolic  resins  may  be  increased  by 
reacting  pyrrole  compounds  with  phenol  or 
hydroxymethylphenols . 


4 . 3 Phenolic  Resins  Prom  Modifications  With  Furan 


4.3.1  Furfural 

Furfural  condenses  with  phenol  to  give  resins  in  the 
presence  of  an  acid  catalyst  ( 32USP1873599 ] . It  has  been 
reported  that  furfural  can  . be  used  to  prepare  modified 
phenolic  resins  with  improved  acid  and  alkali  resistance 
[ 83MIP207885) , fire  retardance  I 83USP4409361 | , anticorrosive 
property  [81MI20026),  adhesive  property,  water  resistance 
and  thermal  stability  I77URP438662) . 

Therefore  a furfural-modified  phenolic  resin  was 
prepared  by  heating  a mixture  of  phenol,  37.  formaldehyde 
solution,  furfural  and  2%  of  NaOH  at  75°C  for  3 hours.  The 
modified  resin  was  tested  and  the  test  results  were  compared 


se  of  an  unmodified  phenolic  resin,  designated  R 
5 screening  test  results  of  the  modified  resin  an 


resin  RD  712  are  listed  in  Table  4.1.  Th 
are  described  in  Appendix  1. 

The  percent  of  solid  of  a resin  should 
801.  A resin  with  high  percent  of  solid  i 
processing.  A minimum  of  71%  of  solid  is 
formulation  of  the  phenolic  resin  binder, 
solid  of  both  resins  fall  in  the  required  r, 

Usually  the  harder  a resin,  the  be1 
performance  of  the  belt  made  from  the  res: 
value  of  a cured  resin  should  not  be  beloi 
Pyramid  Hardness  number), 
lower  hardness  (44.6  DPH ) 


1 test  procedures 

ie  between  71%  to 
too  viscous  for 
required  for  the 


resin.  The  hardness 
slow  30  DPH  (Diamond 
e furfural-modified  resin  has  a 
PH)  than  that  of  the  unmodified  resin 
it  is  still  acceptable.  The  hardness 
soaking  should  not  be  lower  than  30 
resin  in  table  4.1  has  a hardness  value  higher 
H.  The  percent  of  hardness  retention  of  a resin 
r soaking  is  a measure  of  the  moisture  sensitivity 
in.  Usually  the  hardness  of  a phenolic  resin 
r soaking.  A high  percent  of  retention 
means  the  phenolic  resin  has  low  moisture  sensitivity.  The 
results  in  table  4.1  show  that  the  modified  resin  is  less 
sensitive  to  moisture  than  the  unmodified  resin. 

There  is  no  clear  definition  for  toughness.  The 
toughness  test  we  used  is  a measure  of  the  strength  of  a 
resin  toward  bending.  The  grading  ranges  from  1 to  5 and  5 


decreases  after  w 


grading. 


highest  toughness 


The  percent  of  weight  loss  test  is  a measure  of  the 
thermooxidative  stablity  of  a phenolic  resin  in  the  air  at 
300  C.  The  lower  the  percent  of  the  weight  loss,  the  higher 
the  thermal  resistance.  Therefore  a resin  with  a low 
percent  of  weight  loss  is  desirable.  The  furfural-modified 
resin  has  a lower  percent  of  weight  loss  (14.4%)  than  resin 


The  adhesive  test  is  a measure  of  the  adhesive  force 
between  the  resin  and  the  backing.  The  adhesive  test 
grading  ranges  from  1 to  5 and  5 is  the  best.  Both  resins 
have  the  best  adhesive  grading. 

The  process  of  coating  abrasive  belts  requires  the 
viscosity  of  a resin  should  be  in  the  range  of  1600-6000 
cps.  The  viscosities  of  the  modified  and  the  unmodified 
resin  fall  in  the  right  range. 

The  pH  and  gel  time  of  a resin  are  used  to  characterize 
them.  The  pH  of  the  type  of  resoles  we  prepared  varies  from 


The  results  show  that  the  modified  resin  has  better 
thermooxidative  stablity  and  percent  of  hardness  retention 


thermogravimetrii 
support  that  the 


analysis 

modified 


iter  soaking.  The 

s more  thermooxidatively 
former  has  a higher  lot 


weight  loss  temperature  (the  temperature 


loses  10%  of  its  weight)  than  that  of  resin  RD  712.  They 
have  comparable  20%  and  40%  weight  loss  temperatures. 

The  results  of  the  Pressure  Pac  Grinding  Test  (the 
procedure  is  described  in  Appendix  1)  of  the  furfural- 
modified  and  the  unmodified  phenolic  resin  RD  712  are  listed 
in  Table  4.3.  when  a pressure  of  150  pounds  per  square 
inches  (psi)  was  used,  the  abrasive  belt  made  from  the 
modified  resin  cut  a total  of  587  g of  carbon  steel  before 

RD  712  cut  only  575  g.  Therefore  the  modified  resin 
outperforms  resin  RD  712  by  14%  at  150  psi.  When  a pressure 


psi  and  the  belt  made  f 
steel  than  the  belt  made 
grinding  improvments  are 


rom  the  modified  resin  cut  25%  more 
from  the  unmodified  resin.  These 
real  since  the  standard  deviation 
ew  percent. 

se  liquid  furfural-modified  phenolic 
s always  a strong  carbonyl  peak  at 
178.3  ppm  due  to  unreacted  furfural.  The  signal  indicates 
that  furfural  does  not  react  completely  or  does  not  react  at 
all  with  phenol  in  the  prepolymer  stage.  Comparing  the 
spectrum  of  the  modified  resin  with  that  of  resin  RD  712, 
there  is  no  indication  that  furfural  actually  reacted  with 
phenol  in  the  prepolymer  formation  stage.  This  is  confirmed 
by  heating  a mixture  of  furfural  and  phenol  at  1«0°C  for  5 
hours  with  a small  amount  of  NaOH.  The  spectrum  of  the 
reaction  mixture  shows  that  the  storting  materials  '■’main 
unreacted. 


Table  4.1  The  Screening  Test  Results  of  the  Furfural- 


Fur  fural-roodified 


Hardness(DPH)  47.8 

Hater  Soaking(DPH)  33.4 

% of  Retention  69.9 

Toughness  S 

Adhesive  5 

Viscosity! cps ) 1840 

pH  9.25 


Table  4.2  The  Thermogravimetric  Analysis  Results  of  the 
Furfural-modified  Phenolic  Resin. 

Weight  Loss  Temp.(°C> 

Resin  IQV^ 7M  

RD  712  358  481  550 

Furfural-modified  387  478  547 

Note:  1.  The  rate  of  temperature  increased  is  5°C/minute; 


its- 
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o 


paraformaldehyde. 


INSOLUBLE 


Heating  a mixture  of  4-hydroxybenzyl  alcohol  with 
either  furan  or  furfuryl  alcohol  gave  no  reaction  at  all. 
The  3C  spectrum  showed  only  the  peaks  of  the  starting 
materials.  Heating  a mixture  of  2,5-bis(hydroxymebhyl Ifuran 
with  1 mole  equivalent  of  either  phenol  or  2-hydroxybensyl 
alcohol  yielded  only  the  furan  polymer  (Scheme  4.2)  which 
was  insoluble  in  DNSO  and  other  organic  solvents.  Phenol 
and  2-hydroxybensyl  alcohol  remained  unreacted  in  these 
reactions. 


JXJX, 


on  the  other  hand,  2,4,6-tris(hydroxymethyl)phenol 
self-polymerised  when  a mixture  of  the  phenol  and  2,5- 
bis( hydroxymethyl ) furan  was  heated  together  at  105°C  for  30 
minutes.  The  latter  compound  remained  unreacted. 

The  above  experiment  results  showed  that  it  was 
difficult  to  introduce  furan  rings  into  phenolic  resin 
structure. 

Finally  a low-molecular-weight  furfuryl  alcohol  resin 
was  prepared  by  heating  furfuryl  alcohol  with  sulfuric  acid 
on  a steam  bath  for  40  minutes  (Scheme  4.3).  The  13C 
spectrum  of  the  resin  showed  a strong  peak  at  27.02  ppm  and 
also  a weak  peak  at  29.99  ppm.  There  were  also  weak  peaks 
at  63.14  and  60.65  ppm.  This  indicated  that  resin  contained 
mainly  methylene  rather  than  ether  linkages.  A strong  peak 
at  56.02  ppm  indicated  a lot  of  hydroxymethyl  groups  were 
present  in  the  resin. 


Ck, 


JXJX, 


Then  25,  50  and  1001  (by  wt . ) of  the  resin  were  mixed 
h RD  712.  Thus  three  modified  resins,  designated  FA712- 
FA712-50  and  FA712-100,  were  obtained.  The  screening 
t results  of  these  three  resins  are  listed  in  Table  4.5. 


ssaKnasss-sr" 


might  be  improved  by  putting  pyrrole  rings  into  their 
structures. 

When  2,5-bis(hydroxymethyl)pyrrole  was  heated  with 
phenol,  2-hydroxybensyl  alcohol  or  2,4,6- 
tris( hydroxymethyl ) phenol , a black  solid  was  formed  and  most 
likely  it  was  a pyrrole  polymer  instead  of  a copolymer  with 
pyrrole  and  phenol  rings  since  the  13C  NMR  spectrum  of  the 
solid  sample  showed  that  the  phenols  remained  unreacted 
(Scheme  4.4) . 


SCHEME 


Pyrrole  itself 


4-hydroxybensyl 


alcohol  at  refluxing  temperature 
without  oxalic  acid  (Scheme  4.5). 


Q 


difficult  to  put  pyrrole  rings  into  the  polymer  backbone  of 
phenolic  resins.  The  difficulty  may  be  attributed  to  the 
differences  in  reactivities  between  the  pyrrole  compounds 
and  the  corresponding  phenol  analogue. 

A mixture  of  hydroxymethylpyrroles  was  prepared  by 
stirring  a mixture  of  pyrrole,  paraformaldehyde  and 
catalytic  amount  of  NaOH  at  25°c  for  1 days.  The 
spectrum  showed  that  the  product  mixture  contained 
1-hydroxymethylpyrrole,  1 ,2-bis( hydroxymethyl ) pyrrole. 


l,2,5-tris(hydroxymethyl)pyrrole,  and  2,5- 

bisthydroxymethyl ) pyrrole. 


hydroxymethylpyrrole  mixture  were  mixed  wi 
modified  resins,  PY712-25,  PY712-50  and 
obtained  respectively.  The  screening  test 
resins  are  listed  in  Table  4.6.  All  the  re 


712. 


PY712-25  PY712-50 


76.9 


furfural-modif ied  phenolic 


promising  test  results 
standard  at  both  high 
(150  psi ) grinding.  Fu 


. It  outperformed 
pressure  (300  psi)  a 


4.6.1  Preparation  of  the  Furfural-Modified  Phenolic  Resin 

A mixture  of  phenol  (470  g,  5 moles),  furfural  (168  g, 

and  NaOH  (9.4  g,  2% ) in  a 2L  resin  kettle  fitted  with  a 
mechanical  stirrer,  a condenser,  and  a thermometer  was 
heated  at  75°C  for  3 hours.  The  mixture  was  dehydrated 
under  reduced  pressure  with  the  help  of  a water  aspirator. 

external  heating.  The  dehydration  was  stopped  at  about 
60°C/30mm.  Samples  of  the  resin  were  taken  out  and  tested 
according  to  the  procedures  described  in  Appendix  1.  The 
resin  was  cooled  and  stored  in  a freezer. 

4.6.2  Preparation  of  Furfural  Alcohol  Resin 


A mixture  of  furfural  alcohol  (100  g),  water  (100  g), 
and  concentrated  sulfuric  acid  (0.2  ml)  in  a 500  ml  round- 


bottomed  flask  was  heated  on  a steam  bath  foe  40  minutes 
until  2 layers  were  formed.  The  organic  layer  was  separated 
and  washed  thoroughly  with  equal  volumes  of  water  (8  times), 
yielding  56  ml  of  a low  molecular  weight  resin.  13C  NMR 


( dg-DMSO ) i 155.69,  154.72,  151.60,  150.87,  150.57,  143.21, 


To  a beaker  containing  the  phenolic  resin  RD  712  (10  g) 
was  added  the  furfuryl  alcohol  resin  (2.5  g,  5 g,  or  10  g). 
The  resin  mixture  (FA712-25,  FA712-50  or  FA712-100 
respectively)  was  stirred  thoroughly  at  room  temperature  and 

cured  resin  was  tested  according  to  the  testing  procedures 
described  in  Appendix  1.  The  test  results  were  listed  in 


4.6.4  preparation  of  Phenolic-Pyrrole  Resins 

(60  g),  and  IN  NaOH  (0.5  ml)  was  stirred  at  room  temperature 
for  24  hours.  As  shown  by  its  33C  spectrum,  the  product 
mixture  contained  1-hydroxymethylpyrrole , 1,2- 

bislhydrxoymethyl ) pyrrole,  1, 2, 5-tr is (hydroxymethyl  I pyrrole , 
and  2,5-bis(hydroxymethyl )pyrrole.  Then  in  a beaker  the 

phenolic  resin  RD  712  (10  g)  was 


mixed  thoroughly 


79 


hydroxymethylpyrrole  mixture  (2.5  g,  5.0  g,  or  10  g)  at  room 
temperature  to  give  resin  PY712-25,  PY712-50,  or  PY712-100 
respectively.  These  resins  were  cured  at  70°C  for  2 hours 


according  to  the 


cured  resins 


testing  procedures  described  i 


Appendix  1. 


PHTHALOCYANINE-MODIFIED  PHENOLIC  RESINS 


L Introduction 


course  of  the  industrial  production  of  phthalimide  by 
passing  ammonia  into  molten  phthalic  anhydride  in  an  iron 
vessel  in  the  Grangemouth  works  of  Messrs  Scottish  Dyes  Ltd. 
Later  this  compound  was  shown  to  be  iron  (II)  phthalocyanine 
(34JCS1016).  Other  metal  phthalocyanines  were  prepared  in 
early  1930's,  mainly  by  R.P.  Linstead  [34JCS1017,  34JCS1027, 
34 JCS1033 , 34 JCS1022 ) . 

All  phthalocyanine  compounds  transmit  light  in  the  blue- 
green  portion  of  the  spectrum.  Ultramarine  blue  and  iron 
blue  were  the  most  widely  used  blue  pigments  before  the 
advent  of  phthalocyanine  compounds.  Now,  however 
phthalocyanine  compounds,  particularly  copper(It) 
phthalocyanine,  are  widely  used  as  blue  pigments  and  dyes 
because  of  their  high  tinting  strength.  Copper 
phthalocyanine  has  40  times  greater  tinting  strength  than 
ultramarine  blue  and  4 times  greater  than  iron  blue 
I64JCE245).  Wide  commercial  applications  of  phthalocyanines 
as  stable  pigments  and  dyes  has  resulted  in  the  rapid 
development  of  phthalocyanine  technology  in  the  past  sixty 


years.  Phthalocyanine  compounds  exhibit  remarkable  stablity 
to  heat  and  atmospheric  oxidation  at  200°C  or  higher.  These 
compounds  are  insoluble  in  common  organic  solvents,  water, 
dilute  acids  and  alkalis.  Solubility  is  the  biggest  problem 
in  handling  phthalocyanine  compounds,  especially  in  NMR 
studies.  Nonetheless  they  are  slightly  soluble  in  high 
boiling  aromatic  solvents  such  as  quinoline,  chlorobenzene, 
and  chloronaphthalene.  Phthalocyanine  compounds  are  also 
soluble  in  cold  concentrated  sulfuric  acid  to  form  brown 
solutions  which  yield  blue  precipitates  on  dilution. 

There  are  three  major  ways  to  increase  the  solublity  of 

polar  functionalities  such  as  sulfonic  acid,  ternary 

the  peripheral  carbon  atoms  of  the  phthalocyanine  molecule. 
The  second  way  is  to  put  solublizing  groups,  such  as 
alkylsiloxy  groups  I68IC2588,66IC1979 1 , attached  to  the 
central  metal  in  the  metal  phthalocyanine  compounds.  The 
third  way  is  to  incorporate  alkyl  chains  to  one  or  more  of 
the  peripheral  carbon  atoms. 

All  phthalocyanine  compounds  contain  an  18s  electron 


ring  (Figure  5.1). 


electron  system  has  extremely  high  a 

16.25.  This  value  was  determined  from  the  magnetic 
susceptibilties  of  both  compounds  (81TCA467).  It  is 
proposed  that  the  high  thermal  stablity  of  a phthalocyanine 
compound  is  due  to  its  high  aromaticity.  Phthalocyanine 
compounds  also  possess  other  interesting  physical  properties 
(63MI10000,  65AIR27]  such  as  catalytic  activity, 

photoconductivity,  semiconductivity,  intense  optical 
absorption,  and  chemical  inertness.  These  properties  have 
led  to  continuing  research  and  interest  in  polymer' ' 
phthalocyanine  derivatives. 

Incorporation  of  phthalocyanine  structures  in  the 
polymeric  backbone  c 


proper  ty, 


the  antiflammability,  and  the  resistance  to  moisture 
absorption  I85JPSC1677] . 

Several  types  of  phthalocyanine  polymers  have  been 
reported  in  the  literature.  They  are: 

a)  fused  phthalocyanine  polymers  which  can  have  either  a 
linear  or  a two-dimensional  structure  185JPSC1579, 
85JPSC15B9,  85MC2209,  85MC2229,  85NC2189,  80PB841, 
60JCP324,  59JA4795 ] . 

b)  styrene  polymers  and  copolymers  bonded  with 
phthalocyanine  compounds  [ 83JPSL157,  79JPSL661, 

80MC575). 

c)  two-dimensional  polymers  in  which  the  neighbouring 
phthalocyanine  rings  are  linked  either  with  or  without 
a bridge  substituent  [85JPSC1677,  85JPSC801, 

83JPSC3063,  85JPM16,  84HM1614,  85JAPS2921,  75APSY429, 
58JA11971 . 

d)  one-dimensional  polymers  in  which  the  phthalocyanine 
rings  are  connected  together  through  the  central  metal 
linkages  I84JOM171,  62IC717,  621C334,  60JA5790, 

63IC1065,  82CB2836 , 81HAS185,  82AG(E)79,  81JA4371). 

e)  polymers  obtained  from  polymerization  of  vinyl- 
phthalocyanine  intermediates  [ 50USP2513098 1 . 

Phthalocyanine  polymers  have  high  thermal  and 
thermooxidative  properties.  It  has  been  reported  that  some 
of  them  are  stable  at  500°C  and  have  no  catastrophic 
decomposition  up  to  1100°C  I 82JPSC2073 ] . 


There  are  many  physical  tests  (appendix  1)  for 
evaluating  the  performance  of  phenolic  resins  for  coated 
abrasive  systems.  The  final  and  decisive  test  is  the 
Pressure  Pac  Grinding  Test  because  it  simulates  the  real 
working  condition  for  the  coated  abrasives.  The  resins  are 
used  to  make  coated  abrasive  belts  which  are  mounted  on  a 
rotating  wheel  during  the  test.  In  the  test  carbon  steel 
bars  with  about  one  inch  in  diameter  are  forced  against  a 
rotating  belt.  A tremendous  amount  of  heat  is  generated  due 
to  the  release  of  frictional  energy  at  the  point  of  the 
contact.  The  heat  turns  the  ends  of  carbon  steel  bars, 
which  are  being  cut  by  the  coated  abrasive,  red  hot. 
Therefore  the  thermal  and  thermooxidative  stablities  of  the 
phenolic  resins  used  in  these  systems  should  be  very 
important. 

Although  unmodified  phenolic  resins  have  already  been 
considered  thermal  resistant,  it  is  desirable  to  further 
improve  their  thermal  and  thermooxidative  stablities  by 
chemical  modifications.  Some  literature  modification 

up-to-date  there  is  only  one  example  of  improving  the 
thermal  stablity  of  a phenolic  resin  by  incorporating 
phthalocyanine  ring  into  the  polymer  structure  in  the 
literature.  B.N.  Achar  and  coworkers  (83JPSC1505, 
84 JPSC1471 ] used  metal(II)  4 , 11 , 18, 25-phthalocyanine 
tetraamines  to  cure  epoxy  resins  which  included  an 
epoxylated  novolac  resin.  A considerable  improvement  in  the 
thermal  stablity  of  the  cured  materials  was  observed. 


phthalocyanine-modif ied  resole 


reported  in  the  literature. 

Some  of  the  attempts  for  improving  the  thermal  and 
thermooxidative  stablities  of  resole  with  phthalocyanine 
compounds  are  discussed  in  the  following  sections. 


5.2  Phenolic  Resins  From  4-Nitrophthalonitrlle 


The  nitro  group  of  4-nitrophthalonitrile  has  been 
reported  to  be  very  reactive  toward  strong  nucleophiles  such 
as  alkoxides  (85CJC30571.  Therefore  it  is  possible  to 
substitute  the  nitro  group  of  4-nitrophthalonitrile  by  the 
monoanions  of  bisphenol  A,  4,4'-biphenol,  4 , 4 ' -sulfonyl- 
biphenol , p-hydroquinone,  etc.. 

Compound  4-nitrophthalonitrile  was  prepared  according 
to  the  procedures  outlined  in  Scheme  5.1.  First  4- 
nitrophthalamide  was  prepared  in  681  yield  by  the  nitration 


of  phthalimide  with  a mixture  of 
acid  [ 430SC4S9 1 and  followed  by 
hydroxide  on  the  nitrated  product 
of  4-nitrophthalamide  with  POCl3 
nitrophthalonitrile  in  38%  yield 

group  gave  1R  peaks  at  1534  and 
nitrile  groups  showed  only  an  IR 
The  chemical  shifts  of  the  aromc 


nitric  acid  and  sulfuric 
the  action  of  ammonium 
| 75ADC458 ] . Dehydration 
and  pyridine  gave  4- 
( 75ADC458 1 . The  nitro 


absorption  at 


8.60!d,lH),  8.87(dd,lH),  and 
point  was  found  to  be 
[ 75ADC458 1 . 


9.23<d,lH>  ppm.  The  melting 
144°C  (lit.  m.p.  142-144°CI 


Ethylene  glycol,  A 

NO  REACTION 


SCHEME  5.2 


The  IR  spectrum  of  (5A)  showed  the  hydroxy  absorptions 


eighteen 


spectrum 


of  (5A).  The  eighteen  chemical  shifts  were  consistent  with 
the  structure  and  they  were  at  (CDCl^)  6 161.94,  154.06, 
151.11,  149.41,  141.74,  135.34,  128.92,  127.80,  121.41, 
121.31,  119.94,  117.48,  115.44,  115.00,  114.95,  108.49, 

signal  at  6 1.72(s,6H)  ppm,  and  aromatic  signals  at  6 
6 . 84 ( dd, 2H ) , 6.9S(dd,2H),  7.15(dd,2H),  7.30(m,4H)  and 


The  1^C  NMR  spectrum  of  (5B) 
(5A)  because  of  the  symmetrical 


115.01,  108.73,  42.64  and  30.89  ppm.  The  methyl  and 
aromatic  proton  signals  were  at  (CDClj)  6 1.72(s,6H)  and 
6.9-7.9(m,14H)ppm  respectively.  The  two  nitrile  groups  had 
the  same  1R  absorption  at  2235  cm”  by  chance.  The  aromatic 
groups  absorbed  at  1590,  1560,  1501,  and  1487  cm  . The 
ether  vibration  occurred  at  1253  cm-1.  The  melting  point 


The  diiminoisoindoline  (50  was  obtained  by  bubbling 
ammonia  gas  into  a methanolic  solution  of  the  phthalonitrile 
(5A)  in  the  presence  of  sodium  methoxide  (Scheme  5.3).  The 
1R  spectrum  showed  that  the  phthalonitrile  group  was 
converted  into  the  diiminoisoindoline  group  because  there 
were  the  imine  (1723  cm-1)  and  NH  bending  (1665  cm”  ' I 
absorptions,  but  no  nitrile  peak.  The  and  spectra 
were  also  consistent  with  the  structure.  The  spectrum  of 
(50  showed  peaks  at  (d,-DMS0)  6 1.66(s,6H),  3.53(br,lH), 


7.20(mf 11H) , B . 20 (d , 1H ) and 
spectrum  displayed  peaks  at 
153.06,  152.77,  147.45,  147. 


The  attempts  to  cyclotetramerixe  the  diiminoisoindoline 
(50  into  the  corresponding  phthalocyanine  compound  by 
refluxing  (50  in  2-dimethylaminoethanol  failed  (Scheme 


NO  REACTION 

SCHEME  5.3 


Refluxing  the  compound  (5A)  in  ethylene  glycol 
[84IC10651  in  the  presence  of  either  CuClj  or  CoCl,  did  not 
give  the  corresponding  phthalocyanine  compounds  (Scheme 
5.2).  However,  the  blue  copper! II)  phthalocyanine  (501  was 
obtained  in  58.1%  yield  by  refluxing  the  phthalonitrile  ( SA ' 

diazabicyclo( 4 . 3. 0)non-5-ene  10DN)  (Scheme  5.M. 


The  copper(II)  phthalocyanine  (5D)  dissolved  in  organic 
solvents  such  as  acetone,  DMF  and  OHSO  to  give  green 
solutions.  The  copper(II)  phthalocyanine  (5D)  had  IB 
signals  at  3150-3500,  1595,  1502  and  1230  cm'1.  The  UV 
absorptions  were  at  {DMF)  279,  346,  611  and  679  nm.  This  UV 
pattern  was  a characteristic  of  the  phthalocyanine 


for  ( SD> . It  w 
nmr  spectrum  fo 


ing  made  it  impossible 
s thought  that  it  could 


get  a NMR  spectrum 
e possible  to  get  a 


hydrogen  analogue,  phthalocyanine  ( 5 E ) , 
similarly  without  CuCl,  in  23'  yield 
solubility  of  (5E)  was  too  low  for 


getting  a good 


spectrum. 


spectrum 


(Ethanol ) 


presence 


obtained  and  it  displayed  peaks  at  6 9.25,  6.5- 
i ppm.  The  IR  absorptions  of  (5E)  were  at  3100- 


The  characteristic  UV  absorptions  were  at 


CuPcOBPA-20  was  prepared  by  heating  a mixture 
3 and  20%  of  the  phthalocyanine  (50)  in  the 
3H  at  75°C  for  3 hours.  The  screening  test 
resin  are  shown  in  Table  5.1  and  are  not  very 


CUPCOBPA-20  RD  712 


Hardness(DHP) 
water  Soaking  Test 


Toughness 


Adhesive  5 5 

Wetting  Test  2 3 


The  diphthalonitrile  (5B)  was  converted  by  the  action 
of  DBU  in  boiling  ethanol  into  a green  solid  (17*)  which 
could  be  a hydrogen  phthalocyanine  polymer  with  the 
structure  (SF)  as  shown  in  Scheme  5.5.  The  IB  and  UV 


absorptions  were  at  1601,  1502,  1364,  1228,  1011  and  832 

cm  . The  characteristic  UV  absorptions  were  at  ( dmf ) 274, 


The  phthalocyanine 
phthalocyanine  (683)  by 


(5G)  was 


monosodium 


an  acid  or  an  acid  derivative.  A phenol  compound  can  be 
connected  easily  to  a phthalonitrile  ring  if  it  has  one  of 
functional  groups.  Then  the  newly  formed 
may  be  cyclo-tetramerized  into  a 
1 four  phenol  groups  around 


phthalonitrile  may 
phthalocyanine  compound  with  the  fo' 

Hence  4-arainophthalonitrile  wj 
reduction  of  4-nitrophthalonitrile 
dithionate  (46.81)  (75ADC458I  or  iror 
of  concentrated  HC1  solution 
[ 76JCS( PI ) 42 ) , The  latter  method 


with  either  sodium 

n methanol  (65%) 
ave  a better  yield 
whereas  the  former  produced  a cleaner  sample  (Scheme  5.7). 
The  amine  group  appeared  at  3490  and  3380  cm-1  in  the  IB 
spectrum,  and  6 6.77(s,2H)  ppm  in  the  proton  spectrum.  The 
nitrile  vibrations  were  at  2235  and  2213  cm~* . The 


, 135.0 


e melting  point 
) I75ADC458). 
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sodium 


aminophthalonitrile 
cyanoborohydride  gave  t 


of  p-hydroxybenzaldehyde 
the  presence  of 
phthalonitrile  (SI)  in  80.3 


and  chemical  shifts  of 
e structure  and  they 


the  proton  spectrum  also  agreed  with  the  structure  and  the 
peaks  were  at  (dg-DMSO)  i 9.40(s,lH),  7.70(m,2H), 


7 . 18 ( d , 2H ) , 7.15(s.lH),  6.95(dd,lH),  6.77(d,2H),  and 

absorption  bands  at  3410  and  33S0,  and  nitrile  vibrations  at 


SCHEME 


phthalonitrile  (SI) 


Refluxing  a mixture  of  the 
C0CI2  in  ethylene  glycol  did  not  give  the  corresponding 
cobalt  (II)  phthalocyanine.  The  IR  spectrum  of  the  crude 
product  showed  that  the  nitrile-  groups  of  ( SI ) were 
hydrolysed  to  ester  groups  since  strong  absorption  bands 
appeared  at  1705  and  1695  cm-1  and  the  nitrile  absorptions 
disappeared.  The  phthalonitrile  (51)  was  also  not 
converted  into  the  hydrogen  phthalocyanine  by  bubbling  NHj 
gas  into  a N,N-diethylethanolamine  solution  of  (51)  at  130°C 
[ 70JHC1403 ] . The  phthalonitrile  (51)  remained  unreacted. 
Refluxing  a mixture  of  (51)  and  DBU  in  ethanol  with  or 
without  CuClj  failed  to  yield  the  corresponding 

Reaction  of  i-aminophthalonitrile  with  p-hydroxybenzoic 
acid  in  methylene  chloride  in  the  presence  of 
dicyclohexylcarbodiimide  (DCC)  gave  only  small  amount  of  the 
corresponding  amide.  The  p-hydroxybenzoic  acid  tended  to 
self-condense  to  form  the  ester  under  this  condition  (Scheme 


Phenolic  Resins 


Phthalocyaninosilicon  Compounds 


Zt  has  been  reported  that  the  two  chlorides  in 
dichlorofphthalocyaninolsilicon  (PcSiClj)  can  be  displaced 
by  alkoxide  ions  in  fair  yields  I65IC128),  and  by  the 
disodium  salts  of  acetylenes  to  give  one-dimensional 

( 84 JOM171 ] . Therefore  it  is  possible  that  the  monoanions  of 
bisphenol  A,  g-hydroquinone,  4 , 4 '-biphenol  and  4,4'- 
sulfonylbiphenol  can  also  substitute  the  two  chlorides  in 
PcSiCl*.  The  phenol  moieties  in  the  new  compounds  may  react 
with  formaldehyde  to  form  hydroxymethyl  groups  which 

Hence  1 , 3-diiminoisoindoline  was  prepared  by  bubbling 
ammonia  gas  into  a methanolic  solution  of  phthalonitrile  in 
the  presence  of  sodium  methoxide  in  59%  yield.  Subsequent 
action  of  SiCl.  on  1, 3-diiminoisoindoline  gave  PcSiClj  in 
76%  yield  I651C128).  The  IR  spectrum  of  PcSiClj  was 
identical  to  that  reported  in  the  literature  (84JOM171). 
The  IR  absorptions  were  at  1609,  1533,  1472,  1432,  1336, 

Nucleophilic  substitution  reactions  of  the  monolithium  salts 
of  £-hydroquinone,  bisphenol  A,  4,4'-biphenol  and  4,4'- 
sulfonylbiphenol  with  PcSiCl,  gave  the  corresponding 


(5J)  and  (5M).  The  reason  for  the  difference  in  yield  was 


The  C,  H and  1R  spectra  of  the  phthalocyanine  (5J) 
were  consistent  with  the  structure.  The  13C  spectrum  showed 

123.51  and  115.54.  The  H spectrum  displayed  peaks  at  (d,- 
DMSO)  6 9.66<dd,8H),  8.51(dd,  8H),  4.95(d,  4H),  2.11(d,4HI 
ppm.  The  phenolic  proton  peaks  might  be  under  the  large 
water  peak  at  3.05  ppm.  The  1R  spectrum  contained  a broad 
absorption  peak  at  3200-3500  cm-1  due  to  the  phenolic 
hydroxy  groups.  The  c-0  stretching  bands  appeared  at  1241 
and  1229  cm  . The  Si-Cl  band  at  468  cm”3  disappeared  and  a 
new  band  appeared  at  884  cm'1  was  assigned  as  the  Si-0 
vibration  band.  The  phthalocyanine  ring  absorptions  were  at 
1610,  1520,  1464,  1430,  1336,  1291,  1163,  1121,  1081,  1065, 
911,  758,  and  731  cm”1. 


Phthalocyanines  (5K),  (5L),  and  (5M)  were  characterized 
by  IR  and  H spectra.  Compound  (5M)  had  very  strong  S-0  and 
C-0  vibration  bands  at  1283  and  1103  cm'1  respectively.  The 
hydroxy  group  absorbed  at  3100-3600,  and  1147  cm"1.  The  Si- 
o absorption  was  at  891  cm”1.  The  phthalocyanine  bands  were 
at  1602,  1525,  1472,  1431,  1336,  1291,  1165,  1122,  1080, 


H spectrum  showed  peaks 


6.20(d,4H),  5.39(d,4H),  2.20(d,4H)  and  0.79I12H.S)  ppm. 

Phthalocyanine  (5L)  had  two  hydroxy  absorptions  at  3100- 
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vibration  bands  at  1253  and  1212  cm-1,  and  the 

phthalocyanine  bands  at  1608,  1522,  1431,  1336,  1292  1164 

1123,  1083,  912,  762,  and  734  cm  1.  its  *H  spectrum  was 
consistent  with  the  assigned  structure  and  contained  peaks 
at  6 9.68(dd,8H),  9.20(s,2H>,  8.52(dd,8H),  6.56(d,4H), 

6.43(d,4H),  5.81(d,4H),  2.36(d,4H)  ppm.  Compound  (5K)  had  a 
OH  absorption  at  3100-3500  cm-1,  two  C-0  vibration  bands  at 
1245  and  1232,  a Si-0  band  at  877  cm  , the  phthalocyanine 


s H spectrum  displayed  peaks  a 


5 9.60(dd,8H),  8.54(dd,8H),  8.35(s,2H),  7.06(d 

6.82(d,4H),  6 . 09 (d , 4H ) , 2.44(d,4H). 

The  phthalocyanine  (5J)  remained  unreacted  after  it 
heated  with  paraformaldehyde  in  DMSO  at  75°C  for  3 hour, 
the  presence  of  NaOH.  The  phthalocyanine  (5K)  also  did 

react  with  37%  HCHO  in  the  presence  of  NaOH  at  i 
temperature  for  24  hours.  However  after  heating  wil 
mixture  of  phenol  and  formaldehyde  at  75°c, 
phthalocyanine  (5K)  gave  a curable  modified  resole.  W 
modified  resoles,  PcSiBPA-5,  PcSiBPA-10  and  PcSiBPA-20  v 


prepared  by  using  5,  10  and 

phthalocyanine  (5K)  respectively, 
gave  hard  insoluble,  infusible,  b 
The  screening  test  results  of 
listed  in  Table  5.2.  All 
thermooxidative  stablities  than  th, 
expected  to  do. 


% (by  weight)  of  the 

e polymers  after  curing, 
ese  modified  resins  are 


Hardness (DHP) 


PcSiBPA-5  PcSiBPAlO  PcSiBPA20  RD  712 


viscosity! eps) 

Gel  Time  (sec) 


They  could  be  the  unreacted  phthalocyanine  (5K>.  This 
indicated  that  a quantity  of  20%  of  (5K)  was  too  much  for 
the  modification.  Two  samples  of  PcSiBPA-5  and  PcSiBPA-10 


grinding  results 


Table  5.3  The  Pressure  Pac  Test  Results  of  PcSiBPA-5  and 
PcSiBPA-10. 


Similarly  10%  of  phthalocyanine  (5L)  and  (5M)  were  used 
to  prepare  resins  PcSiBP-10  and  pcSiSDP-10  respectively. 
Their  thermooxidative  stabilities  were  not  superior  than 
that  of  resin  RD  712  (Table  5.4),  which  was  not  expected. 


Table  5.4  The  Screening  Test  Results  of  PcSiBP-10  and 
PeSlSDP-10. 


PcSiSPP  RD  712 


Hardness(DHP) 


Toughness  543 


Wetting  Test 


P0C13,  SOCl2  and  PCI,  failed.  The  UV 


Two  copper  phthalocyanlnetetrasulfonyl  chloride-modified 
resoles  (PcSOCl  1 and  PcSOCl  2)  with  different  viscosities 
(2850  and  7500  cps  respectively)  were  prepared.  They  were 
prepared  by  heating  a mixture  of  phenol,  37%  BCHO,  and  NaOH 


together  at  75°C 
partially  after 
phthalocyanine  (5; 
room  temperature 
pressure  until  tl 
cross-linking  was 
curing  stage. 

The  DSC  curves  of  the  copper  phthalocyanine 
tetrasulfonyl  chloride-modified  phenolic  resin  and  the 
unmodified  phenolic  resin  RD  712  were  obtained  on  a Petkin- 
Elmer  DSC-2.  There  was  an  exotherm  with  a maximum  at 


or  3 hours.  The  solution  was  dehydrated 

) was  added.  The  mixture  was  stirred  at 
or  4 hours  and  dehydrated  under  reduced 
e desired  viscosity  was  reached.  The 
supposed  to  be  completed  in  the  final 


-87.2  calories  per  gram  (cal/g). 
modified  resin  showed  two  exotherms. 


much  smaller  h 


KSSS  S3 SSI  "" 

HBWI",  HI  Si" ‘‘"i  »a  m 


organic  solvents  made 


solubility  of  (50)  in 
study  of  (50)  by  NMR  difficult 
(50)  as  a modifier  impracticable. 


also  the  application  of 


6 Conclusion 


One  of  the  major  problem  of  using  phthalocyanine 
compounds  to  copolymerise  with  phenol-formaldehyde  polymers 
was  the  low  solubilities  of  the  phthalocyanine  compounds  in 
aqueous  and  organic  solvents.  There  was  Insufficient 
phthalocyanine  compound  in  solution  to  give  significant 
amount  of  copolymerization  reaction.  This  could  be  the 
major  reason  for  the  inferior  physical  test  results  of  the 
resins  from  phthalocyanines  (5D),  (5K),  (5L),  and  (5M). 

Copper  4,11,18,25-phthalocyaninetetrasulfonyl  chloride 
gave  resins  with  superior  grinding  performance.  The  reason 
could  be  the  reaction  between  the  sulfonyl  chloride  and  the 
hydroxy  groups  of  the  phenolic  prepolymer  was  facile  and 
also  the  phthalocyanine  compound  imparted  good  thermal 
resistance  into  the  copolymers. 


5.7  Experimental 


resins  were  enclosed 


run  on  a Perkin-Elmer  D 
software  called  TADS. 


equipped 

phenolic 


capsules  (Perkin-Elmer)  ii 


stainless  steel,  high  pressure 
order  to  prevent  volatilisation 


of  water  during  the  scan.  All  runs  were  made  using  a 10°C 
per  minute  temperature  ramp  from  50°C  to  300°C. 

4-Nit rophthalimide,  m.p.  198°C  Hit.  m.p.  198°C) 
( 430SC459 ] and  4-nitrophthalamide,  m.p.  200°C  (lit.  m.p. 
100-202  C)  [75ADC458)  were  prepared  according  to  the 
literature  methods. 

5.7.1  Preparation  of  4-Nitroohthalonitrile 

Compound  4-nitrophthalamide  (220  g,  1.05  mole)  was 
suspended  in  pyridine  (840  ml).  Into  this  vigorously 
stirred  suspension,  phosphorus  oxychloride  (220  ml,  2.40 

a temperature  range  of  65-70°C  during  the  30  minutes 
addition  time.  The  same  temperature  was  maintained  an 
additional  hour  by  external  heating.  The  resulting  mixture 
was  poured  onto  crushed  ice  (3000g),  and  the  ice  mixture  was 
neutralized  with  12N  HC1  solution  (150  ml).  The  purple 
solid  was  collected  by  filtration  and  dried.  The  residue 
was  extracted  with  ethyl  acetate  (3x700  ml),  and  the  purple 
extract  was  decolorized  with  charcoal  and  washed,  first  with 
0.4N  NaOH  saturated  with  NaCl  (3x70  ml)  and  then  with  water 
(4x70  ml).  Drying  and  evaporation  of  the  extract  left  61.5 
g (38%)  as  pale  yellow  crystals,  m.p.  141-142°c  (lit.  m.p. 
142-144°C>  [ 75ADC458 | . 
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4-Aminophthalonitrile 


Compound  4-nitrophthalonitrile 
added  to  a mixture  of  methanol  (200  m 
(45.5  ml)  and  the  suspension  heated  t 

(10.4  g)  was  added  in  small  portions  over  45  minutes.  The 
mixture  was  then  poured  into  cold  water  and  the  precipitate 
filtered  off.  The  crude  product  was  recrystallised  from 


(9  g,  0.059  mole)  was 
o boiling.  Iron  powder 


Yield  5.5  g (65%) . 
[ 76JC5IP1 ) 42 ] . 


: (lit  a 


3 Preparation  o 


4-Hydroxyphenyl Ipropvl ) 


A mixture  of  4-nitrophthalonitrile  (1.53  g,  0.01  mole), 
bisphenol  A (2.74  g,  0.012  mole),  and  potassium  carbonate 
(1.66  g,  0.012  mole)  in  DMF  (25  ml)  was  stirred  at  room 
temperature  for  24  hours.  The  solution  was  neutralized  with 
dilute  HCl  solution,  and  then  extracted  with  CHClj.  The 
extracts  were  combined  and  dried  with  MgS04-  The  solvent 
was  removed  under  reduced  pressure.  To  the  residue  was 
added  hot  CHClj  (10  ml).  The  suspension  was  cooled  and  the 
insoluble  unreaeted  bisphenol  A . was  filtered.  The  solvent 
was  removed  from  the  filtrate  and  the  residue  was  taken  up 
in  ethanol  (5  ml).  The  insoluble  diphthalonitrile  (SB)  was 
filtered  and  recrystallized  from  ethanol.  The  yield  was 
0.65  g (13.5%).  The  solvent  was  removed  from  the  ethanolic 
solution  and  the  residue  was  found 


( 5A)  w 


s phthaloniti  ile 


recrystallized  from 


(nujol) 


2245, 


127.80,  121.41,  121.31,  119.94,  117.48,  115.44,  115.00, 

114.95,  108.49,  42.10,  30.96;  NMR  (CDClj)  6 1.72(s,6H), 


Foe  (5B),  IB  (nujol)  2235,  1590, 


117.55,  115.36,  115.01,  108.73,  42.64,  30.89;  NMR  (CDClj) 


5.7.4  Preparation  of  4-( 4-( 2-( 4-Hvdroxyphenyl )propyl )- 

Ammonia  gas  was  bubbled  into  a stirred  mixture  of  (5A) 
(2.5  g,  0.007  mole),  sodium  methoxide  (0.02  g),  and  methanol 
(10  ml)  at  a moderate  rate  for  40  minutes.  The  mixture  was 
then  brought  to  reflux  and  maintained  at  this  temperature 
for  3.2  hours  with  continued  stirring  and  addition  of 
ammonia.  The  solution  was  neutralized  with  IN  HC1  and  then 
the  solvent  was  removed  under  reduced  pressure.  The  crude 
product  was  dissolved  in  water  (20  ml)  and  extracted  with 
chloroform.  The  extracts  were  combined  and  dried  with 
MgSO^.  The  solvent  was  removed  under  reduced  pressure.  The 
product  was  recrystallized  from  EtOH/HjO.  Yield  1.9  g 

1503,  1233  cm-1;  *H  NMR  (dj-DMSO)  6 1.66(s,6H),  3.53(bt,lH), 
7.20(m,llH) , 8.20(d,lH),  9.65(br,2H);  13C  NMR  (CDCLjl  6 


155.15,  153.06,  152.77, 

128.88,  128.30,  127.37, 


eparation  o 


g,  2 mmole),  DBN  (1 
refluxed  for  24  hou 
and  then  refluxed  i 
solution  (1  ml). 

(nujol)  3 


ethanol  (20  m 

le  purple  blue 


■ 3 mmole),  anhydrous  CuC^  (0.3 
mmole),  and  ethanol  (10  ml)  was 
! dul1  green  solid  was  filtered 
concentrated  HC1 


and  ethanol. 

, 1595,  1502,  1 


3 (58.1 


5 7 6 nyaroxvphenv°)pWVpy°?pn  * ' 11 -IS-Tetrak is(  2~  <*- 

The  compound  (5E)  was  prepared  similarly  according  to 
the  procedure  above  for  (5D)  except  no  CuClj  was  used. 
Tield  231 ; ir  (nujol)  3100-3500,  1644,  1608,  1591,  1500, 

1362,  1230,  1172,  1012,  829,  740  cm'1;  UV  (Ethanol)  280, 

323,  606  nm;  *H  NMR  (dg-DMSO)  6 9.2S(br,2H),  6.5-7. 4 (m, 28H) , 
1 . 58 ( s, 12H ) ; m.p.  >340°C. 

5 7 7 phenoxvphcna°ocPanl'nhT<i?°F?n  *~ ( 2-1 4~phenoilv  lpropvl 
A mixture  of  the  diphthalonitrile  (5B)  (2.4  g,  0.005 
mole)  and  DBU  (2.28  g,  0.015  mole)  in  ethanol  (30  mil  was 
refluxed  for  24  hours.  The  fiber-like  green  solid  was 


filtered,  washed 


solid  is  insoluble  in  most  organic  solvents.  The  yield  was 
0.41  g (17%).  ir  (nujol)  1601,  1502,  1364,  1228,  1011,  832 
cm'1;  UV  ( DMF)  274,  336,  611,  642,  672,  698  nm;  NMR  (d6- 
DMSO)  S 1 .68 ( S ) , 6 . 91-7 . 37 ( m) ; m.p.  >340°C. 


A mixture  of  4-nitrophthalonitrile  (3.06 
DBN  (2.48  g,  20  mmole),  anhydrous  CuCl7  (0 
was  refluxed  in  ethanol  (100  ml)  for  18  h 
precipitate  was  filtered,  washed  with  etha 
acetone.  The  product  was  dried  and  weighed  2 
(nujol)  1602,  1529,  1340,  1140,  850  cm'1;  u 


5-7.9  4- (N-(4-Hydroxybensyl) amino lohthalonit rile  (51) 

To  a methanolic  solution  (25  ml)  of  4- 
aminophthalonitrile  (1.43  g,  0.01  mole)  were  added  5N 
methanolic  solution  of  HC1  (4  ml),  p-hydroxybenzaldehyde 
(1.22  g,  0.01  mole),  and  NaBHjCN  (0.63  g,  0.01  mole).  The 
solution  was  stirred  at  room  temperature  for  72  hours. 
Concentrated  HC1  solution  was  added  until  pH<2,  and  the 
methanol  was  removed  under  reduced  pressure.  The  residue 
was  taken  up  in  10  ml  of  water  and  extracted  with  ethet . 
The  aqueous  solution  was  brought  to  pH>10  with  KOH  solution 
saturated  with  Nacl,  and  extracted  with  CHC1,.  The  CHC1 


extracts  were  combined,  dried  with  MgSO^,  and  evaporated. 
The  crude  product  was  recrystallized  from  benzene.  The 
yield  was  80. 3*.  ra.p.  179°C;  13C  NMR  (d.-DHSO)  6 156.94, 

9 . 40( s, 1H) , 7.70(m,2H) , 7.16(d,2H),  7.15(s,lH),  6.95(dd,lH), 
6.77(d,2H) , 4 . 26 (d, 2H ) ; IR  (nujol)  3410,  3350,  1602,  1530, 

C,  72.29,  H,  4.42,  N,  16.87;  found  N,  72.44  , H,  4.37,  N, 


5.7.10  Preparation  of  1 , 3-Dilmlnolsoindoline 


Ammonia  was  bubbled  into  stirred  mixture  of  1,2- 
dicyanobenzene  (320  g,  2.5  moles),  sodium  methoxide  (4.0  g, 

minutes.  The  mixture  was  then  brought  to  reflux  and 
maintained  at  this  temperature  for  3.2  hours  with  continued 
stirring  and  addition  of  NH^.  Upon  being  cooled  for  1 day 
and  filtered  the  product  yielded  a crop  of  greenish  crystals 
which,  after  being  washed  with  ether  and  dried,  weighed  214 
g (59%).  The  crude  product  was  recrystallized  from  methanol 
and  ether,  m.p.  196°C  (lit.  m.p.  195-196°C)  (65IC128). 


5.7.11  Preparation  of  Dichloro(phthalocyanino)silicon 

In  a flask  equipped  with  a water  condenser,  a 
mechanically  stirred  mixture  of  1 ,3-diiminoisoindoline  (36.5 


mole),  silicon  tetrachloride 


brought  slowly  to  reflux  (219°C). 

temperature  for  30  minutes  and 
filtered.  The  purple  crystalline 


and  quinoline  (41! 

It  was  maintained 
then  cooled  to  184 
product,  after  being  washed  with  quinoline,  bi 

methanol,  and  acetone  and  dried  at  110°C,  weighed 
1764).  The  product  was  recrystallised  fri 

(nujol)  1609, 
1083,  1063,  91< 


chloronaphthalene.  m.p.  >340c 
1472,  1432,  1336,  1291,  1165, 


2 Preparation  o 


4-hydroxyphenoxv) (phthalocvanlnol- 


a solution  a 


g-hydroquinone  (2.2  g,  0.02  mole)  in 
THP  (60  ml)  in  a 250  ml  2-neck  round-bottomed  flask  fitted 
with  a septum,  a gas  inlet,  and  a magnet  was  added  n-Bubi 
(7.7  ml  of  2 . 6M  solution,  0.02  mole)  slowly  at  -78°C  under 
argon  atmosphere.  A white  precipitate  appeared  after  the 
addition.  The  stirring  was  continued  for  1 hour,  and  then 
dichloro(phthalocyanino)silicon  (6.11  g,  0.01  mole)  was 
added.  The  mixture  was  allowed  to  warm  up  to  room 
temperature  slowly,  and  refluxed  for  three  days.  The 
solvent  was  removed  and  the  residue  was  suspended  in  water 
and  neutralized  with  dilute  HC1  solution.  The  blue  solid 
was  filtered,  washed  with  hot  water,  and  dried.  The  product 
was  then  extracted  in  a Soxhlet  e 
three  days.  The  yield  was  15.8 


, 148.8 


140.7 


4.62, 


5 . 54  j 
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1 (nujol)  3200-3500,  II 
*41.  1229,  1163,  1121, 

:m  ; uv  (ethanol)  209, 


(0,  1520,  1464,  1 

1081,  1065,  911, 


E^”w-°nh°na?oc ' 4~!  2~ ! 4-hyd  toxyphenvl  Iproovl ) ■ 


The  procedure  was 
bisphenol  A (4.56  9,  0.' 
(nujol)  3100-3500,  1611 
1167,  1122,  1080,  911,  I 
286,  352,  610,  647,  677 
9 . 13 ( s, 2H ) , 8.54<dd,BH), 


for  (5J)  except 


, 760,  and  733  cm  ; UV  (ethanol) 

n;  XH  NMR  ( dg-DMSO)  i 9.67(dd,8H), 


■52(d, 4H) , 6.20(d,4H),  5.39(d,4H), 


5-7.14  Preparation  of  Bls(4-(4-hv 


The  procedure  was  the  same  as  that  for  (5J)  except 
4,4'-biphenol  (3.72  g,  0.02  mole)  was  used.  Yield  49.5%*  ir 
(nujol)  3100-3400,  1608,  1522,  1431,  1336,  1292,  1253,  1212, 
1164,  1143,  1123,  1083,  912,  882,  762,  and  734  cm'1;  uv 
(ethanol)  287,  353,  608,  642,  675  nm;  *H  NMR  (d  -DMSO)  6 
9 . 68( dd, 8H ) , 9 . 20( s, 2H) , 8.52<dd,8H),  6.56(d,4H), 
6.43(d,4H) , 5.81(d,4H),  2.36(d,4H);  m.p.  >340°C. 


5.7.15  Preparation  c 


4-hYdroxvphenulsulfonvl )- 


The  procedure  was  th 
4'-sulfonylbiphenol  (5.0 
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1291,  1283,  1165,  1122,  1103,  1080,  1067,  911,  891,  760,  and 
729  cm”1*  UV  (ethanol)  352,  613,  650,  679  nmj  1H  NHR  (d  - 
DMSO)  9.60(dd,8H),  8.54(dd,8H),  8.35(s,2H),  7.06(d,4H), 
6.82(d,4H),  6.09(d,4H) , 2.44(d,4H);  m.p.  >340°C. 

5'7’16  Reparation  of  Copper  (II)  4,11.18,25-phthalccvanine- 

Compound  (5N)  was  prepared  by  the  literature  method 
( 85JCS( D)651 1 described  in  the  following.  To  dry 
tetrasodium  4 , 11,18,25-tetrasulfonatophthalocyaninatocuprate 
(U)  (9.84  g,  0.01  mole)  at  0 C in  a 3-neck  round-bottomed 
flask  fitted  with  a thermometer,  a condenser,  a dropping 
funnel,  and  a magnetic  bar  was  added  dropwise  with 
chlorosulfonic  acid  (53  g,  30  ml).  After  the  evolution  of 
gas  ceased,  the  mixture  was  stirred  at  room  temperature  for 

further  6 hours  at  140°C.  After  cooling  to  room 
temperature,  thionyl  chloride  (8.54  g,  0.072  mole)  was  added 
over  30  minutes  and  the  bright  green  mixture  was  stirred  for 
a further  2 hours  at  80°C.  The  product  was  isolated  by 
pouring  the  cooled  reaction  mixture  onto  crushed  ice  with 
salt.  The  blue  precipitate  was  washed  with  ice  water  until 
neutral,  and  finally  washed  with  acetone.  The  product  was 
dried  at  80°C  under  reduced  pressure.  The  yield  is  9.6  g 
(99%),  UV  (DMF)  380,  608,  672;  m.p.  >340°C. 


7 IMftf 


A mixture  of  phenol  (470  g,  5 moles),  37%  HCHO  solution 
(709.5  g,  8.75  moles),  and  NaOH  (9.4  g,  2%)  was  heated  in  a 
resin  kettle  fitted  with  a mechanical  stirrer,  a condenser, 
and  a thermometer  at  75°C  for  3 hours.  The  solution  was 
cooled  to  room  temperature  and  NaOH  (15.2  g)  was  added. 
After  all  the  NaOH  was  dissolved  completely  in  the  solution, 
water  (300  ml)  was  removed  from  the  solution  by  vaccum 
distillation.  Then  copper  (II)  4 , 4 ' , 4- ' , 4 • • • - 

phthalocyaninetetrasulfonyl  chloride  (5N)  (94  g,  20%)  was 

temperature  for  12  hours.  Water  was  removed  from  the 
mixture  again  until  the  desired  viscosity  (7500-  8500  cps) 
le  resin  was  tested  and  stored  in  a freezer, 
resin  ( KBr  pellet)  3100-3550,  3063,  2912, 
1368,  1321,  1307,  1197,  1136,  1033,  862, 


CHAPTER 

MISCELLANEOUS 


l introduction 


Epoxy  resins  have  been  modified  with  phenolic  resins  to 
give  resins  with  better  heat  and  flame  resistance 
[ 83MI10059 , 77MI20621),  higher  Tg  (86MI10529),  and  better 
adhesion  [81MI20296).  This  type  of  modified  resins  has  been 
used  to  improve  the  thermal  stabilty  of  polyamide  6 
[85MI20296]  and  to  make  electronic  equipment  parts  because 
of  its  good  physicomechanical  properties  (83MI20210). 

On  the  other  hand,  phenolic  resins  can  be  modified  by 
epoxy  resins.  Epoxy-modified  phenolic  resins  have  improved 
toughness  ( 82JAP8270119 ) , and  better  flame-retardant 
[ 83JAP8334846J . They  are  used  to  manufacture  heat  resistant 
fibers  (84JAP84228073 1 , and  friction  materials  (86MI20262). 
The  epoxy  phenolic  resins  have  other  outstanding  properties 
such  as  electrical  properties,  chemical  resistance,  heat 
resistance,  and  adhesion. 

Polyisocyanates  and  polyurethane  prepolymers  have  been 

polyisocyanates  with  phenol  compounds,  leading  to 
polyphenylurethanes,  involve  the  nucleophilic  attacks  of  cite 
phenolic  hydroxy  groups  on  the  carbon  atoms  of  the 


isocyanate  groups  followed  by  1,3-shifts  of  the  H atoms 
(Scheme  6.1). 


This  type  of  modification  has  been  used  to  prepare  resins 
with  improved  toughness  and  light  resistance  (86USP4568704 ) , 
good  flame  resistance  without  the  addition  of  flame 
retardants  I78MI10104),  and  also  improved  mechanical  and 
dielectric  properties  ( 78MIP98908 I . 

However  these  modified  resins  are  less  thermally  stal'l- 
than  the  unmodified  phenolic  resins  since  the  ■ m bam.i  i 
groups  tend  to  dissociate  at  high  temperatures  I75MU0073I. 


Both  epoxy-  and  urethane-modified  phenolic  resins  have 
better  toughness  and  other  superior  properties  such  as 
chemical  resistance,  flame  resistance,  and  mechanical 
strength.  The  toughness  of  the  resins  has  been  considered 
as  a major  factor  in  the  grinding  performance  of  the 
phenolic  resin  coated  abrasive  systems.  Therefore  both 
types  of  modification  have  been  investigated. 

6.2  Phenolic  Resins  Modified  with  Epoxy  Resins 
6.2.1  Introduction 


In  this  section  we  try  to  introduce  a flexible  polymer, 
such  as  polyoxypropyleneamine  and  polyethylene  glycol,  into 
the  phenolic  resin  structure  to  give  a block  copolymer. 
Unmodified  phenolic  resins  ate  very  brittle  and  they  can  be 
broken  into  pieces  easily  when  they  are  bent  or  hit.  It  is 
expected  that  by  incorporating  a flexible  polymer  into  the 
phenolic  resin  structure,  its  toughness  can  be  increased. 
Both  polyoxypropyleneamine  and  polyethylene  glycol  are 
widely  used  in  the  formulations  of  adhesives,  hence  we 
expect  that  the  adhesion  properties  can  also  be  improved. 

A flexible  polymer  can  be  bonded  to  a phenolic  resin 
through  an  epoxy  group.  The  epoxy  ring  may  be  introduced 
into  either  the  phenolic  structure  or  the  flexible  polymer 
Structure.  when  a polyoxypropyleneamine  (Jef famine  I is 
used,  the  epoxy  ring  is  put  into  the  phenolic  resin 


structure  by  using  epichlorohydrin.  m the 
polyethylene  glycol  is  capped  with  epoxy  groups. 

6*2.2  Modification  with  Jeffamine 


Jeffamine  is  the  trade  name  of  a series  of 
polyoxypropyleneamines  marketed  by  Texaco  Chemical  Company. 
Polyoxypropylamines  are  used  as  epoxy  curing  agents  and  as 
modifiers  of  specialty  urethane  elastomer  systems.  As  epoxy 
curing  agents,  the  series  of  amines  produced  tough,  clear, 
flexible,  impact  resistant  coatings. 

The  etherification  of  the  phenolic  hydroxy  group  with 
epichlorohydrin  is  a good  way  to  improve  the  thermooxidative 
stablity  of  the  phenolic  resins.  The  cross-linking  occurs 
through  the  ring-opening  reactions  of  the  glycidyl  group 
with  phenolate  anions  in  the  presence  of  a base  catalyst. 

Glycidyl  phenolic  resin  was  prepared  by  heating  a 
mixture  of  phenol,  37%  HCHO  solution,  and  2%  NaOH  at  75°C 

epichlorohydrin  were  added  to  the  solution.  The  mixture  was 
heated  at  75  C for  1 hour.  Unreacted  epichlorohydrin  and 
water  were  removed  by  distillation  under  reduced  pressure. 
The  c spectrum  of  the  product,  designated  resin  EPC, 
showed  that  its  structure  was  likely  to  be  that  as  showed  in 


epichlorohydrin  at  5 50.95,  46. IB,  and  45.84  ppm 

indicated  that  epichlorohydrin  reacted  completely. 
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results  are  listed 
in  toughness,  much 


According  to  its  overall  test  results,  the 
potential  good  modifier. 


Table  6.1  The  Physical  Test  Results  of  Resins  epc,  jef-epc. 


Jeffamine  (D-2000),  a linear  polyoxypropyleneamine  with 
molecular  weight  of  -2000,  was  introduced  into  the  phenolic 
resin  by  opening  the  epoxy  ring  of  resin  EPC  by  its  reactive 


(Scheme  6.3) . 


Therefore  a mi 
2000)  was  stirring 
spectrum  of  the  re 


temperature  for  1 
product  showed  th 


: the  desired 


copolymers  were  obtained. 


The  spectrum  showed  that  the 

disappeared.  There  were  four 


new  13C  lines  at  S 69.52,  69.12,  68.66,  and  67.92  which 
suggested  that  the  epoxy  ring  was  opened  in  two  possible 
ways  as  showed  in  Scheme  6.3.  These  four  13C  lines  were 
assigned  to  the  four  carbons,  each  attached  to  a oxygen 


carbons  of  the  two  structures  overlapped  with  the  eight 
peaks  in  between  58  and  63  ppm.  The  chemical  shifts  of  the 
Jeffamine  portion  were  at  & 17.42,  72.84,  and  74.98  ppm. 

The  test  results  of  the  resin  JEF-EPC  are  listed  in 
Table  6.1.  The  results  showed  that  resin  JEF-EPC  was  more 
thermally  stable  than  and  as  tough  as  resin  RD  712.  However 


good  adhesive  for  cc 
should  has  a hardness 


3)  for  coated  abrasive, 
abrasive  systems,  the 


6.2.3  Modification  With  Polethvlene  Glycol 

Polyethylene  glycol  had  a low  reactivity  toward  the 
epoxy  groups  of  resin  EPC.  There  was  no  reaction  between 
the  hydroxy  groups  of  polyethylene  glycol  and  the  epoxy 
groups  of  resin  EPC  after  stirring  them  together  at  room 
temperature  for  1 day.  After  the  two  starting  materials 
were  heated  together,  the  mixture  turned  into  a hard  solid 
which  could  not  be  made  into  a coating.  Therefore  another 
approach  was  used.  It  involved  capping  polyethylene 


glycols  with  epichlorohydrin,  followed  by  reaction  with  a 
phenolic  resin. 

Hence  poylethylene  glycols  with  molecular  weight  of  600 
and  1500  {(PEG-600)  and  (PEG-1500) I were  treated  with  n-BuLi 
in  THP  under  nitrogen  to  give  two  yellow  dilithium  salts 
respectively.  The  13C  lines  of  the  pale  yellow  dilithium 
salts  of  the  polyethylene  glycols  were  at  6 69.81  and  69.77 
ppm  repectively. 

The  dilithium  salts  were  heated  with  excess 
epichlorohydrin  at  100°C  for  16  hours  (Scheme  6.4)  to  give 
resins  ( PEG-600-EPC ) and  ( PEG-1500-EPC) . The  13C  spectrum 
of  the  PEG-600-EPC  showed  there  were  two  different  glycidyl 
groups  in  the  product  mixture  and  their  chemical  shifts  were 


suggested  that  a mixture  of  diglycidyl  and  monoglycidyl 
derivatives  were  formed.  A small  amount  of  unreacted 
epichlorohydrin  was  still  present  in  the  resin  since  there 
were  small  33C  lines  at  6 51.00,  46.18,  and  45.88  ppm.  A 
large  33C  absorption,  assigned  to  the  polyethylene  glycol  O- 
CHj  carbons,  was  at  6 69.86  ppm  with  two  much  smaller  lines 
at  8 70.69  and  70.25  ppm.  Similarly  resin  PEG-1500-EPC 
contained  a mixture  of  monoglycidyl  and  diglycidyl 
derivatives.  The  13C  lines  of  the  glycidyl  groups  were  at  6 
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Epichlorohydrii 


room  temperature  £ or  1 day  with  resin  rd  712  o 
phenolic  resin  prepared  from  paraformaldehyde 
formaldehyde  solution.  Resin  pFP  contained  m 
than  the  standard  since  no  water  was  used 


resin  pFP. 


s preparation. 


ce  no  water  was  used  as  the  solvent  in 
h phenolic  resins  were  dried  before  the 
o eliminate  the  interaction  of  water  with  the 
epoxy  rings,  since  the  phenolic  resins  were  prepared  under 
basic  condition,  phenoxide  ions  were  formed.  The 


Phenolic 


Modifications 


(77NI10198).  Hence  a mixture  of  2, 4-toluenedi isocyanate 
(TDD  and  polyethylene  glycol  with  molecular  weight  of  600 
was  heated  together  to  give  a prepolymer  PEG-600-TDI  (Scheme 
6.5).  The  spectrum  of  prepolymer  PEG-600-TDI  showed 
that  the  reaction  between  the  isocyanate  groups  of  tdi  and 


were  assigned  to  the  two  carbons  of  the  ethylene  group  next 
to  the  carbamate  groups.  Other  ethylene  carbons  of  the 
polyethylene  glycol  portion  gave  a hugh  peak  at  6 69.77  ppm. 
There  were  four  different  cacbamate  peaks  at  6 154.30, 


different  isocyanate  lines  at  & 125.71,  124.31,  122.92,  and 
122.10  ppm.  These  eight  chemical  shifts  suggested  that  the 
polyethylene  glycol  was  end-capped  by  TDI  in  the  three 
possible  ways  to  give  the  2,2'-,  2,4'-,  4,4'-  isomers  of 

The  isocyanates  groups  of  the  prepolymer  PEG-600-TDI 
then  condensed  with  the  hydroxy  groups  of  resins  HD  712  and 

(Scheme  6.5).  The  spectrum  of  resin  PEG-600-TDI-pFP 

showed  that  there  was  no  unreacted  isocyanate  group  present 


S.SffSMS  E5SS  •'  “■  “» 
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Conclusion 


Although  resin  EPC  was  very  hard,  it  was  not  tough  and 
thermally  stable.  The  use  of  Jef famine  < D-2000 > to  cross- 
link the  epoxy  groups  in  resin  EPC  gave  the  resin  JEF-EPC 
which  was  too  soft  for  making  coated  abrasives  although  the 
cross-linking  does  increase  the  thermal  stablity  of  the 
polymer.  The  resins  PEG-600-EPC-pPP,  PEG-1500-EPC-712,  and 
PEG-600-EPC-pFP  were  tough,  but  they  were  soft  and  less 
thermally  stable  than  resin  RD  712.  The  screening  test 
results  of  PEG-600-TDI-pFP  were  very  promising  because  of 
its  low  percent  of  weight  loss  and  very  good  toughness. 
However  its  grinding  performance  was  only  60k  of  that  of 


brittle  and  rough  coating  which  was  unsuitable  for  making 
coated  abrasives. 


5 Experimental 


6.5.1  Preparation  of  Glvcidvl  Phenolic  Resin  EPC 

A mixture  of  phenol  (94  g,  1 mole),  37%  HCHO  solution 
(141.9  g,  1.75  moles),  and  NaOH  (1.B8  g,  2%)  in  a 500  ml 
resin  kettle  fitted  with  a mechanical  stirrer,  a 
thermometer,  and  a condenser  was  heated  at  75°C  for  2 hours 
with  a heating  mantle.  The  reaction  was  very  exothermic 
initially  so  that  the  mantle  was  removed  when  the 
temperature  of  the  reaction  mixture  reached  70°C.  The 


dropped.  Heating 


temperature  rose  to  80-90°C  and  then 
hours,  sodium  hydroxide  (8  g,  0.2  mole) 


epichlorohydrin  (462.5  g,  5 moles)  was  added  and  the  heating 


was  continued  at  75°C  for  1 hour.  (Jnreacted  epichlorohydrin 
and  water  were  removed  by  distillation  under  reduced 
presuure  (30  mm).  The  temperature  dropped  to  35°C  at  the 
beginning  and  rose  again.  The  distillation  was  stopped  at 
about  45°C.  The  resin  was  dissolved  in  methanol  and  sodium 
chloride  was  removed  by  filtration.  The  solvent  was  removed 
from  the  filtrate  by  a Rotavapor.  The  resin  was  stored  in  a 


50.68,  47.15;  IR  of  the  cured  resin  ( KBr  pellet)  3050-3600, 


A mixture  of  resin  EPC  (10  g)  and  Jeffamine  (D-2000)  (2 
g)  was  stirring  at  room  temperature  for  1 day  to  give  resin 


60.46,  62. 


63.53,  63.63, 
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126.64,  127.72,  126.20,  128.35,  128.79,  129.57,  129.81, 

131.47,  132.25,  134.68,  152.04,  152.47,  154.37,  157.10, 

3600,  2895,  1585,  1434,  1194,  1095  cm'1. 

6.5.3  Preparation  of^Glvcid^l^Polvethvlene  Glycols 

A solution  of  polyethylene  glycol  (10  g)  in  dry  THF  (50 
ml)  was  added  to  a 250  ml  3-neck  round-bottomed  flask  fitted 
with  a thermometer,  a magnet,  and  two  septa  with  a needle  on 
each.  Triphenylmethane  (0.1  g)  was  added  to  the  solution  as 
an  indicator.  A slow  stream  of  nitrogen  was  passed  into  the 
flask  through  the  needles.  A hexane  solution  of  n-BuLi  (2.5 
M)  was  added  into  the  solution  with  a syringe  slowly  until 
the  solution  turned  red.  A pale  yellow  resin  layer  appeared 
and  was  separated  from  the  solution  by  decanting  the 
solvent.  Excess  epichlorohydrin  (20  ml)  was  added  to  the 
flask  fitted  with  a condenser  with  a drying  tube.  The 
mixture  was  heated  at  100°C  for  16  hours.  The  excess 
epichlorohydrin  was  removed  by  distillation  under  reduced 
pressure.  11C  NMR  (d,-DMSO)  6 70.69,  70.25,  69.86,  62.36, 

6-5.4  Preparation  of  Glycidvl  Polyethylene  Glycol-modified 


Phenolic  resin,  RD  712  or  resin  pFP,  (20  g)  was  put  in 
a 100  ml  round-bottomed  flask.  Water  was  removed  from  the 
resin  by  distillation  under  reduced  pressure.  The  resin 


then  was  dissolved  in  acetone  (200  ml)  and  the  solution  was 
dried  with  anhydrous  MgS04 . The  solution  was  filtered  and 
the  solvent  was  removed  from  the  filtrate  by  a Rotavapor. 
The  dry  phenolic  resin  (10  g)  was  mixed  with  resin  PEG-600- 


give  the  corresponding  resin.  The  mixture  was  then  cured  in 


the  usual  way.  IR  of  cured  REG-1500-EPC-pFP  ( KBr  pellet) 


of  cured  PEG-1500-EPC-712  (KBr  pellet)  3100-3600,  2950, 


1348,  1215,  1125,  1070  cm*1. 


6.5.5  Preparation  of  Diisocvanate  Prepolvmet  PEG-600-TDI 

A 250  ml  3-neck  round-bottomed  flask  equipped  with  a 
magnet,  a thermometer,  and  a dropping  funnel  was  purged  with 
nitrogen  for  ten  minutes.  2,4-Toluenediisocyanate  (TDI) 
(34.6  g,  0.2  mole)  and  benzoyl  chloride  (0.7  g)  were  placed 

0.133  mole)  was  added  dropwise  into  the  solution  during  2 
hours.  After  the  addition,  the  temperature  was  maintained 
at  50-60  C.  The  stirring  was  continued  for  1 hour.  The 
product  was  sealed  in  a bottle  and  stored  in  a desiccator. 
13C  NMR  (dg-DMSO)  6 154.30,  153.53,  153.50,  153.44,  137.83, 
137.786,  137.276,  136.52,  130.16,  125.71.  124.31,  122.92, 


(neat)  3300, 


122.10,  115.03,  69.77,  68.76,  63.58,  17.28;  IB 

2890,  2260,  1720,  1610. 

6.5.6  Preparation  of  Piisocj»anate  Prepolymec-modl tied 

Phenolic  Besin  was  dried  in  the  way  described  before. 
The  dry  phenolic  resin  (10  g)  was  mixed  with  PEG-600-TDI,  or 
PPG-1000-TDI  and  the  mixture  was  stirred  at  room  temperature 
for  16  hours  with  a mechanical  stirrer.  The  resin  was  then 
cured  and  tested.  For  uncured  resin  PEG-600-TDI-pFP,  13c 


127.92,  126.84,  126.67,  126.53,  125.25,  119.19,  119.07, 

ppm;  IB  of  cured  PEG-600-TDI-pFP  ( KBt  pellet)  3100-3600, 
2910,  1695,  1606,  1479,  1230  cm'1. 
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PHYSICAL 


TEST  PROCEDURES 

A resin  sample  (lg)  is  weighed  in  an  aluminum  crucible. 
The  sample  is  heated  at  250°F  (121. 1°C)  for  75  minutes.  The 
weight  of  the  solid  residue  is  measured  and  the  % of  solid 
is  calculated  by  dividing  the  weight  of  the  solid  residue  by 
the  weight  of  the  sample. 

2.  Hardness 

A liquid  resin  sample  (0.5  g)  is  evenly  spread  on  a 
microscope  slide  and  cured  at  70°C  for  2 hours  and  100°C  for 
10  hours.  The  hardness  of  the  cured  resin  is  measured  by  a 
Kentron  Hicrohardness  Tester  at  room  temperature.  The 
hardness  of  the  resin  is  expressed  in  term  of  Diamond 
Pyramid  Hardness  number  ( DPH ) . 

3.  Water  Soaking  Test 

The  cured  resin  (from  test  2)  is  immersed  into  water 
for  24  hours  at  room  temperature.  The  resin  is  taken  out 
from  the  water  and  the  hardness  of  the  cured  resin  is 
measured. 
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4 . Percent  of  Hardness  Retention 

Divide  the  hardness  value  from  test  3 by  that  from  test 
2 and  multiply  by  100. 


inch  thick)  on 


f phenolic 

for  10  ho 


s spread  (15/1000 


around  cylinders  of  different  diameters  one  by  one,  from 
large  to  small.  The  cyclinder  around  which  the  film  cracks 

following: 


cylinder  smaller  1/4"  3/0"  1/2"  3/4" 

6.  Percent  of  Weight  Loss 

A resin  sample  (lg)  is  put  into  a preweighed  aluminum 
crucible  and  cured  as  before.  The  weight  of  the  cured 
sample  is  measured.  The  cured  sample  is  then  put  into  a 
furnace  at  300°C  for  1 hour.  The  residue  of  the  sample  was 
weighed  and  the  % of  weight  loss  is  calculated. 


::,r“s ... ... ..... ....... .. . 
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measured  by 


9.  Viscosity 

rotational  viscometer  in 


centipoises. 


10.  eh 

The  pH  of  the  liquid  resin  is  measured  by  a pH  meter. 


A thin  film  of  the  phenolic  resin  (15/1000  inch  thick) 

the  heating  platform  at  225°F  of  a thin  film  gelometer 
(homemade  by  the  3N  Company).  The  gel  time  is  recorded  in 
seconds. 


12 . Grinding  Test  (Pressure  Pac  Test) 

A belt  made  of  polyester  cloth  and  coated  with  a 
mixture  of  phenolic  resin  and  latex  (9:1)  is  coated  with  84% 
adhesive  solution  (54  g)  and  then  a mixture  of  A120~  and 
Zr02  is  deposited  on  the  belt  electrostatically  (152  g). 
The  belt  is  heated  at  88°C  for  1.5  hours,  and  coated  with  a 
size  layer  (82  g of  78%  solution),  and  then  heated  at  Rfl°c 
for  1.5  hours  and  100°C  for  10  hours.  The  belt  is  mounted 
on  a test  machine  and  rotated  at  high  speed.  Six  carbon 
steel  bars  (1  inch  in  diameter)  are  pressed  against  the  belt 
with  pressure.  The 


measured  at  different  time  intervals  until  it  is  smaller 
than  10  g.  The  total  weight  loss  of  the  steel  bar6  is 
calculated. 


Note:  A mixture  of  the  phenolic  resin,  a filler, 

cellosolve,  and  water  with  84%  of  solid. 
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